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The  North  Atlantic  Regional  Water  Resources  (NAR)  Study  examined 
a wide  variety  of  water  and  related  land  resources,  needs  and  devices 
in  formulating  a broad,  coordinated  program  to  guide  future  resource 
development  and  management  in  the  North  Atlantic  Region,  The  Study 
was  authorized  by  the  1965  Water  Resources  Planning  Act  (PL  89-80) 
and  the  1965  Flood  Control  Act  (PL  89-298)  , and  carried  out  under 
guidelines  set  by  the  Water  Resources  Council. 

The  recommended  program  and  alternatives  developed  for  the  North 
Atlantic  Region  were  prepared  under  the  direction  of  the  NAR  Study 
Coordinating  Committee,  a partnership  of  resource  planners  represent- 
ing some  25  Federal,  regional  and  State  agencies.  The  NAR  Study 
Report  presents  this  program  and  the  alternatives  as  a framework  for 
future  action  based  on  a planning  period  running  through  2020,  with 
bench  mark  planning  years  of  1980  and  2000, 

The  planning  partners  focused  on  three  major  objectives  — Nat- 
ional Income,  Regional  Development  and  Environmental  Quality  — in 
developing  and  documenting  the  information  which  decision-makers  will 
need  for  managing  water  and  related  land  resources  in  the  Interest  of 
the  people  of  the  North  Atlantic  Region. 

In  addition  to  the  NAR  Study  Main  Report  and  Annexes,  there  are 
the  following  22  Appendices: 

A.  History  of  Study 

B.  Economic  Base 

C.  Climate,  Meteorology  and  Hydrology 

D.  Geology  and  Ground  Water 

E.  Flood  Damage  Reduction  and  Water 
Management  for  Major  Rivers  and 
Coastal  Areas 

F.  Upstream  Flood  Prevention  and 
Water  Management 
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K.  Navigation 
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I - SYLLABUS 


This  appendix  presents  the  erosion  and  sedimentation  problems 
in  the  North  Atlantic  Region  (NAK) . Annual  erosion  damages  total 
more  than  $5^.6  million  - $53-*+  million  from  sheet  erosion,  $1,2 
million  from  streambank  erosion,  and  unestimated  amount  from 
shoreline  erosion.  The  resulting  annual  sediment  damage  is  es- 
timated to  be  about  $29.3  million  - $28  million  the  direct  result 
of  sheet  erosion  and  $1.3  million  from  streambank  erosion. 

These  monetary  damages  are  a measure  of  land  losses  and  sediment 
removal.  Damages  to  visual  quality  of  the  environment,  water 
quality,  and  established  ecologies  also  are  caused  by  erosion  and 
sedimentation. 

Erosion  rates  are  higher  in  the  southern  part  of  the  Region 
than  they  are  in  the  north.  Erosion  rates  vary  from  154  tons 
per  square  mile  in  the  Subregion  A,  Area  4 to  1645  tons  per  square 
mile  per  year  in  Subregion  D,  Area  l4.  Subregions  D,  E,  and  F 
are  the  specific  parts  of  the  region  which  are  experiencing  the 
greatest  problems  from  sheet  erosion.  The  same  three  subregions 
have  the  major  occurrences  of  streambank  erosion  with  the  worst 
being  in  Subregion  F.  Critical  shoreline  erosion  is  especially 
severe  along  the  New  Jersey  (Area  l6)  and  New  York  (Area  13) 
coastlines.  Sediment  damage  areas  correspond  to  those  subregions 
which  are  experiencing  the  erosion  problems. 

Sheet  Erosion  problems  are  more  prevalent  in  the  southern  part 
of  the  region  because  (i)  soils  are  more  erodlble,  (2)  rainfall 
is  more  intense,  and  (3)  a higher  degree  of  use  is  made  of  the 
land.  Although  there  is  some  erosion  from  all  land  not  made 
impermeable  by  man,  most  of  the  erosion  and  resulting  sedimenta- 
tion is  from  cropland,  land  undergoing  urban  development  and 
"other"  land.  Because  of  the  concentration  of  the  problems  in 
the  southern  part  of  the  NAR  (70  percent  of  the  total  sediment 
yield),  any  future  studies  should  concentrate  on  Subareas  D,  E, 
and  F. 

In  all  of  these  cases,  the  activities  of  man  have  caused  an 
acceleration  of  the  erosion  rates.  Soil  losses  from  the  above 
mentioned  land  range  from  3 tons  per  acre  per  year  to  15  tons  per 
acre  per  year  and  rates  as  high  as  several  hundred  tons  per  acre 
from  developing  urban  areas.  Although  erosion  rates  drop  as 
land  goes  into  the  transitional  stage  between  agricultural  and 
urban  use,  there  is  a sharp  increase  as  development  begins. 

Rapid  development  of  urban  areas  associated  with  the  Boston-New 
York -Washington  megalopolis  is  creating  a large  part  of  the  ero- 
sion and  sedimentation  problem.  Much  of  the  remaining  problem 
is  caused  by  the  shorter  rotations  on  cropland  and  the  lack  of 
use  of  conservation  practices. 
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Streambank  erosion  problems  occur  throughout  the  region  but 
are  more  common  in  the  southern  part  because  of  lower  bank  resis- 
tance, greater  discharges,  and  higher  value  damageable  property. 
Shoreline  erosion  problems  caused  by  ocean  current  and  storms 
are  most  prevalent  on  low  sandy  beaches.  The  developed  shoreline 
stripped  of  natural  barriers  and  unprotected  by  man-made  barriers 
are  particularly  vulnerable. 

Increased  populations  require  facilities  in  which  to  live, 
work,  and  play.  The  requirements  of  food  and  fiber  and  construc- 
tion of  required  facilities  will  nearly  double  in  the  NAR  in  the 
next  half  century.  Erosion  and  sedimentation  problems  will  con- 
tinue to  increase  in  the  NAR^  The  average  soil  loss  is  expected 
to  increase  from  917  to  1237  tons  per  square  mile  per  year  by 
2020. 

Solutions  to  the  erosion  and  sediment  problems  fall  into  three 
categories.  Broad-base  planning  and  implementation  of  these 
plans  help  avoid  misuse  of  land  unsuitable  for  cultivation  or 
development.  Land  treatment  measures  can  be  utilized  to  keep 
the  soil  on  the  land.  Finally,  structural  measures  can  be  used 
to  modify  conditions  in  cases  where  major  damage  areas  exist. 

Land  use  adjustments  could  reduce  erosion  rates  and  sediment 
yields  by  10  percent.  Provisions  need  to  be  made  to  preserve 
protective  cover  on  high  hazard  areas.  Resource  plans  are  neces- 
sary to  bring  about  land  use  adjustments  and  keep  desirable  land 
uses . 

If  the  conservation  land  treatment  program  is  accelerated,  ero- 
sion and  sedimentation  yields  will  still  increase,  but  at  a slower 
rate.  With  a suggested  accelerated  land  treatment  program,  the 
average  annual  erosion  rate  is  expected  to  be  983  tons  per  square 
mile  by  2020. 

Structural  measures  protect  reaches  of  shoreline  and  streambank 
or  particular  areas  otherwise  vulnerable  to  erosion. 

Man's  activities  have  accelerated  the  natural  geologic  process 
to  an  unnatural  ruinous  process.  Adjustments  and  preservation  of 
land  uses,  the  application  of  conservation  and  treatment  measures, 
and  utilization  of  combination  of  these  solutions  are  ways  man  can 
control  the  erosion  and  sedimentation  problem. 
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II  - lOTKODUCTION 


This  is  one  of  22  subject  appendices  to  the  Rain  Report  of  the 
North  Atlantic  Regional  Water  Resources  Study  (Type  l).  The 
coordinated  comprehensive  Study  provides  a framework  into  which 
can  be  fitted  projects  and  programs  designed  to  best  serve  water 
;xnd  related  land  resource  needs  of  people  in  the  region. 


Pl^POSE  Alffi  SCOPE 

^ The  purpose  of  this  study  is  to  make  an  appraisal  of  the  erosion 
and  sedimentation  problems  in  the  North  Atlantic  Region^  (MR) . 

The  Appendix  defines  erosion  and  sedimentation  problems  and 
discusses  the  areal  distribution,  magnitude,  variability  and  projec- 
tions of  future  erosion  and  sedimentation  problems  for  the  years 
1980,  2000  and  2020. 

The  effects  of  erosion  and  sedimentation  on  agriculture,  munici- 
pal and  industrial  water  supplies,  reservoirs,  transportation 
facilities,  recreation,  and  fish  and  wildlife  are  discussed. 

Erosion  and  sediment  damages  in  dollars  are  estimated. 

HISTORY 

Geologic  erosion  has  worn  away  and  sculptured  the  surface  of  the 
earth  since  time  immemorial.  This  process  of  nature  has  formed 
the  landscape  as  we  know  it  today.  Natural  erosion,  a slow  and 
steady  process,  is  a normal  condition.  Natural  or  geologic  erosion 
is  a continuing  process  and  will  go  on  into  the  future  regardless 
of  anything  man  can  do.  Quickening  of  the  pace  of  erosion,  owing 
to  changes  wrought  by  man,  has  produced  definitely  abnoi-mal  con- 
ditions. Accelerated  erosion,  an  abnormal  and  undesirable  process, 
was  started  by  man's  activities  and  is  subject  to  his  control. (l) 

Early  Trends 

Ocean  coasts  of  the  NAR  have  eAperienced  dramatic  erosion.  Hog 
Island,  one  of  the  southern  barrier  islands,  has  lost  as  much  as 
50  feet  a year.  Clearing  of  woodland  along  the  shore  to  make  way 
for  new  developments  has  left  the  shoreline  vulnerable  to  wind  and 
wave  action.  Storm  waves,  storm  tides  and  tidal  currents,  winds 
and  swells  cause  significant  coastline  changes  rather  than  day  to 
day  action  of  littoral  forces.  Measurements  beginning  in  the  late 
1830's  record  shorelines  receding,  remaining  stable,  and  adviincing 
seaward.  The  l840-l870  period  was  predominantly  one  of  recession, 
along  the  Delmarva  Peninsula  and  Jersey  Coast.  The  rocky  coastline 
of  northern  New  England  is  less  susceptible  to  erosive  process;  it 
takes  longer  to  make  sand  and  gravel  of  schist  .'md  gneiss.  (2) 
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From  1620  to  i860  erosion  became  a major  problem  on  ra/iny  Ainerican 
farms.  The  New  World  settlers,  after  a few  years  of  farming,  found 
that  wind,  rainfall  and  runoff  injured  the  rocky  hillsides  of  Now 
England  and  the  erodible  soils  of  the  Southern  and  Mddle  Atlantic 
states.  By  I76O  many  fields  were  becoming  barren,  farms  were  aban- 
doned, and  in  the  older  settled  regions,  erosion  was  more  generally 
noticed.  By  1775  rivers  which  once  ran  clear  were  described  as 
being  black  with  mud.  Many  references  to  worn  out  land  provide 
evidence  that  sheet  erosion  was  taking  its  toll. (3) 

Rapid  runoff  from  cleared  land  increased  streamflows.  I’ast- 
moving  water  undercut  streambanks  on  the  outside  curves  causing 
the  bank  to  slough  and  slvunp  into  the  river.  Streambank  gullying 
was  noticed  at  fords,  livestock  watering  holes,  and  banks  passing 
through  new  farmland.  Except  to  specific  bank  locations,  stream- 
bank  erosion  caused  little  concern. 

Early  conservationists  formed  agricultural  societies  and  organi- 
zations to  awaken  interest  in  farm  improvement.  Books,  pamphlets 
and  farm  journals  were  printed  and  widely  disseminated.  The  leaders 
played  a large  part  in  agricultural  reform. 

The  cropping  system  was  a chief  cause  of  erosion.  Corn,  tobacco 
and  other  row  crops  were  planted  repeatedly  on  the  same  land  until 
the  farmer  was  faced  with  declining  yields. 

Soil  maintenance  required  the  use  of  mechanical  techniques. 
Plowing,  furrowing,  ridging,  ditching  and  draining  were  not  con- 
sidered the  basic  remedies  for  erosion  but  they  did  play  a large 
part  in  the  early  American  erosion  control  movement. 

Most  of  the  cover  crops  recommended  by  the  early  conservation- 
ists are  widely  advocated  and  used  today.  All  of  the  conserva- 
tionists urged  farmers  to  plant  grasses  to  reduce  runoff  and  change 
the  structure  of  the  soil  so  that  the  soil  particles  would  adhere 
to  each  other  and  not  blow  or  wash  away.  Grass  also  increased 
the  capacity  of  soil  to  produce  larger  crop  yields. 

Many  of  the  crop  rotations  developed  by  the  early  soil  conserva- 
tionists are  in  use  today.  They  anticipated  the  principle  of  the 
modern  basic  rotation  consisting  of  a cultivated  crop,  a smiill 
grain,  and  a legume  or  grass.  Rotations  were  varied  in  relation 
to  the  soil,  slope,  and  climate  of  different  sections  of  the 
country. 

Before  the  Civil  War  soil  conservationists  recommended  and  em- 
ployed the  turning  under  of  green  crops  and  the  introduction  of 
animal  and  mineral  fertilizers.  These  are  standard  practices 
today. (3) 
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FIGURE  Q-1  GET^EIiAL  EROSION  TRENDS  SINCE  l600 


YE^VR 


Over  a century  ago  conservationists  called  the  attention  of 
farmers  to  tlie  dangers  of  erosion  in  this  country  and  correctly 
analyzed  its  social,  economic,  and  physical  causes.  They  also 
pointed  out  t'ne  danger  of  exploiting  the  land  for  cash  crops  and 
the  necessity  for  goveriunent  cooperation  in  soil  conservation. 

Recent  Trends 


The  soil  and  water  conservation  movement  began  to  nuiture  in 
the  decade  begimiing  in  I928.  This  era  saw  the  establisliment  of 
soil  ;uid  water  conservation  progrtims  within  the  USDA  in  research 
and  operations.  These  progriims  evolved  as  major  bulwarks  in  the 
conservation  and  development  of  the  land  and  water  resources  of 
the  nation. 

About  10  years  ago  data  from  all  cooperative  soil  erosion  studies 
were  assembled  at  the  Indiana  Agricultural  Experiment  Station  where 
a digital  computer  was  used  to  study  key  determinants  in  soil  loss. 
The  Indiana  findings  (4)  showed  tliat  erosion  caji  be  quantitatively 
related  to  the  energy  available  for  dislodgement  and  transport  of 
soil  particles.  Energy  sources  are  falling  raindrops,  and  the 
elevation  differences  of  sloping  land  which  impart  energy  to  runoff 
water  as  it  flows  downslope  to  stre.'im  chaxmels. 

A soil  loss  prediction  handbook  (4)  was  developed  to  determine 
potential  soil  loss.  In  addition,  effective  control  measures  have 
been  developed  that  include  using  crop  or  residue  covers  to  inter- 
cept the  falling  raindrops  and  promote  water  intake,  planting  sod 
crops  and  crop  row  barriers  to  reduce  runoff  velocity,  and  modi- 
fying the  topography  to  reduce  slope  steepness  and  length. 


Tiie  conclusions  of  the  Indlcuia  study  also  point  out  the  need  for 
airplication  of  conser-vation  practices  to  land  areas  and  show  the 
tremendous  reductions  that  can  be  made  in  erosion  and  sediment  yield. 
In  addition  to  the  conservation  of  the  soil  resource  for  food  and 
fiber  production,  such  measures  are  necessary  to  improve  hydrologic 
conditions.  These  measures  also  help  preserve  the  storage  capacity 
in  reservoirs,  reduce  sediment  pollution  in  streams,  protect  the 
beauty  and  utility  of  water-based  recreational  areas,  reduce  higJiway 
nuiintenance,  costs,  and  mitigate  the  damage  inflicted  during  urban 
;md  industrial  expansion. 


MH'HODOLOGY  Al®  ASSUIiPriONS 

Study  areas  used  are  those  outlined  by  the  Coordinating  Com- 
mittee. All  data  are  based  on  actual  drainage  areas  of  the  Basins. 
Ixind  resource  areas  in  the  Region  were  used  in  making  basic  calcu- 
lations. Erosion  rates  for  each  land  use  are  computed  using  an 
adaptation  of  the  Musgrave  Probable  Soil  Loss  formula. (5)  Sedimen- 
tation yields  were  established  using  delivery  rates  established 
from  data  in  other  River  Basin  Surveys  in  the  Region.  Erosion  and 
sedimentation  projections  were  made  for  I98O,  2000  and  2020.  from 
tJiis  information,  problem  areas  were  delineated  and  the  damages, 
benefits  and  costs  were  established.  An  assessment  of  streambank 
erosion  and  investigation  of  shoreline  problems  and  remedial  action 
were  taken  from  recent  studies. 

Delineation  of  Study  Areas 

This  study  used  the  delineations  of  21  areas  grouped  into  six 
subregions  as  established  by  the  North  Atlantic  Regional  Water 
Resources  Study  Coordinating  Committee.  Figure  Q-2  shows  the 
location  of  these  areas. 

Il-iny  of  the  calculations  are  based  on  weighted  averages  of  the 
various  areas.  Regional  and  Subregional  averages  are  based  on  tlie 
drainage  areas  shown  in  Table  Q-1. 

Data  from  the  17  major  land  resource  areas  (6)  in  the  NAR  were 
used  to  compute  erosion  rates  and  establish  an  inventory  of  data. 
These  major  land  resource  areas  are  shown  in  Figure  Q-3.  Land 
resource  areas  are  characterized  by  similar  patterns  of  soil 
(including  slope  and  erosion),  climate,  water  resources,  native 
vegetation,  and  land  use.  A detailed  description  of  each  area  is 
included  in  Appendix  (1,  "Lfind  Use  and  H'- nagement " . 
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TABLE  t,  - 1 


DRAIHAC.E  AREAS 
(TOTAL  LA;.U  AREiV) 
NORTH  ATUiTTIC  REKION 


Sacrcftion 

: 1.000 

• K of  Sub- 

K of  = 

Subregion 

: 1,000 

fti.d  Area 

' Acres 

] rpffion 

RcRion  1 

and  Area 

] Acres 

OviLTCiiion  A 

Subregion  B 

1 

A, 571 

21.3 

1-3 

2,171 

13.8 

2.3 

c 

5.05b 

26.9 

1.8 

7 

3,076 

17.1 

2.9 

3 

3,575 

19.0 

3.1 

8 

6,958 

36.8 

6.6 

U 

2,113 

11.3 

2.0 

9 

2,618 

11.6 

2.5 

b 

3,At5 

18.5 

3.3 

10 

2,612 

15.7 

2.7 

Subtotal  A 

18,780 

100.0 

17.8 

Subtotal  B 

17,935 

100.0 

17.0 

Subregion  C 

Subregion  D 

i.1 

7.1A0 

13.3 

b.8 

iC 

1,172 

13.6 

1.1 

'iX. 

8,293 

50.3 

7.8 

15 

7,9*>5 

73.1 

7.5 

13 

1,053 

6.1 

1.0 

16 

1,109 

13.0 

1.3 

Subtotal  C 

.-,,U8fe- 

10c. 0 

15.6 

Subtotal  D 

10,816 

100.0 

10.2 

Subregion  E 

Subregion  F 

i.i 

17,U07 

79.0 

16. 5 

19 

9,257 

17.2 

8.'' 

19 

1,650 

21.0 

1.1 

20 

3,736 

19.0 

3.5 

Subtota*  E 

22.057 

100.0 

20.9 

21 

6,639 

33.6 

6.3 

Subtotal  F 

19,632 

100.0 

18.5 

e.'ion  Totii  -105.T36  acres 


Existing  Data 

Data  used  in  this  study  include  reservoir  sedimentation  surveys, 
sediment  storage  data  for  watershed  structures,  water  quality  data, 
suspended  sediment  studies,  conservation  needs  inventories,  special 
studies  and  other  available  records.  This  type  of  information  is 
limited  in  the  I'lAK,  and  it  became  necessary  to  calculate  erosion 
rates  and  sediment  yields  for  this  study.  Existing  data  were  used 
whenever  possible  to  check  the  calculations  for  reasonableness. 

Congress  directed  that  studies  be  made  of  "the  nature  and  scope 
of  the  damages  which  result  from  streambank  erosion"  and  the  feasi- 
bility of  a program  to  reduce  the  adverse  effects  of  streambank 
erosion.  Material  used  in  response  to  that  directive  was  used  in 
streambank  erosion  portions  of  this  appendix. (7  and  8)  Data  from 
recent  shoreline  studies  were  used  in  shoreline  erosion  portions  of 
this  appendix. (2) 
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Soil  Loss 


Predicting  soil  losses  involves  the  consideration  of  several 
factors  including  soil  type,  steepness  of  slope,  slope  length, 
rainfall,  vegetative  cover,  and  conservation  practices.  Overland 
erosion  rates  were  calculated  based  on  the  relationships  of  G.  W. 
Musgraves'  probable  soil  loss  formula  (5),  as  adapted  and  pre- 
sented in  graphic  form  by  Lloyd  and  Eley  (9).  A soil  weight  of 
150  tons  per  acre  inch  was  used  to  express  erosion  in  tons. 

The  probable  soil  loss  in  tons  per  acre  per  year  for  each 
land  use  was  determined  by  using  the  adapted  formula  in  a computer 
program.  Input  data  for  the  computer  program  consisted  of  the  soil 
erodibility  factor,  slope,  length  of  slope,  rainfall  and  cover 
factor.  The  printout  data  provided  the  rates  of  erosion  for  the 
various  land  uses  for  a range  of  cover  factors.  Weighted  average 
erosion  rates  based  on  erosion  rates  for  the  land  resource  areas 
were  calculated  for  each  of  the  21  areas. 

Probable  Soil  Loss  Formula 


The  probable  soil  loss  formula  is  expressed  as  follows: 

1.35  0.35  1.75 

E = FxS  xL  xP  xC 

Wherein: 

E - Probable  soil  loss  expressed  as 
erosion  in  tons  per  acre  per  year. 

F - Soil  erodibility  factor. 

S - Slope  of  land  in  percent. 

L - Length  of  slope  in  feet. 

P - Maximum  30-niinute,  two-year 

frequency  rainfall  in  inches. 

C - Cover  factor. 

Soil  Erodibility  Factor  - F.  The  soil  erodibility  factor,  F, 
is  a measure  of  the  susceptibility  of  soils  to  destruction  by  ero- 
sive forces  imparted  through  raindrop  impact,  wind,  and  moving 
water.  Erodibility  varies  with  the  physical  cliaracteristics  of  the 
soil.  Enough  soils  have  been  evaluated  experimentally  to  enable 
soil  technologists  to  make  reasonably  accurate  comparisons  and 
establish  erodibility  factors  for  unmeasured  soils.  Soils  in  the 
NAR  have  low  erodibility  factors.  The  weighted  factor  for  the 
Region  is  0.25  *iiid  ranges  from  0.17  in  Subregion  B to  0.33  in 
Subregion  F. 
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TABLE  Q-2 

WEIGHTED  GOIL  ERODIBILITY  EACTO[<S  (K) 


Subregion  : 
and  Area 

F 

] Average 

: Subregion  : 

; and  Area 

F 

Average 

Subregion  A 

Subregion  B 

1 

.31 

6 

.17 

2 

.28 

7 

.17 

3 

.22 

.25 

8 

.18 

.17 

4 

.17 

9 

.17 

5 

.19 

10 

.17 

Subregion  C 

Subregion  D 

.24 

11 

.20 

14 

12 

• 23 

.22 

15 

.27 

.25 

13 

.22 

16 

.20 

Subregion  E 

Subregion  F 

17 

.27 

.28 

19 

.32 

18 

.31 

20 

.33 

.33 

21 

.35 

Regional  Average  ,25 

A generalized  soils  map  was  compiled  for  the  MR  based  on  exist- 
ing soil  association  maps,  problem  area  maps,  and  land  resource 
maps,  A soil  erodibility  factor  was  assigned  to  each  of  the  various 
soil  groups.  Soil  groups  with  similar  soil  erodibility  factors  were 
combined,  (See  Figure  Q.-4,)  For  each  land  resource  area  within  the 
21  areas,  a weighted  average  of  the  soil  erodibility  factor  was  cal- 
culated, This  weighted  average  was  used  in  the  probable  soil  loss 
formula. 

Slope  Factor  - S,  This  is  the  average  land  slope  in  percent. 

The  basis  for  determining  the  average  slopes  was  the  land  capability 
subclasses.  There  are  eight  land  capability  classes  with  the  limi- 
tations on  use  or  risk  of  land  damage  becoming  progressively  greater 
from  Class  I to  Class  VIII.  The  subclasses  describe  the  type  of 
hazard  or  limitation  and  were  considered.  Soil  slope  is  one  of  the 
factors  used  in  determining  land  capability  class. 

The  Inventory  of  Soil  and  Water  Conservation  Needs  lists  the 
acreage  of  the  various  land  uses  for  each  state  and  county  by  Land 
Capability  Class  and  Subclass,  Tlie  counties  were  grouped  to  approx- 
imate the  21  Areas,  An  average  slope  was  assigned  to  each  land 
capability  subclass.  A weighted  average  of  the  slope  was  calculated 
for  each  land  use  by  land  resource  area  within  the  21  areas. 
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TABLE  Q - 3 


SLOPE  FACTOR  (S) 
NORTH  ATLANTIC  REGION 


Subregion 

Average  Slope  in 

Percent 

and  Area 

Crop-  : 
land  : 

Pas-  : 

ture  : Forest 

: Urban 

: Other 

Subregion  A 


1 

6 

5 

13 

6 

6 

2 

5 

7 

19 

6 

6 

3 

6 

8 

10 

6 

6 

U 

6 

9 

17 

7 

7 

5 

8 

8 

14 

10 

4 

Wt . Average 

6 

7 

16 

7 

6 

Subregion  B 

1 

6 

10 

13 

8 

6 

7 

7 

15 

18 

12 

9 

8 

12 

21 

27 

18 

12 

9 

8 

10 

13 

9 

9 

10 

6 

7 

18 

G 

8 

wt . Average 

9 

15 

20 

12 

10 

Subregion  C 

11 

5 

15 

12 

9 

14 

12 

8 

10 

20 

7 

10 

13 

2 

8 

14 

5 

12 

Wt . Average 

6 

12 

16 

8 

12 

Subregion  D 

14 

8 

7 

13 

9 

8 

15 

8 

11 

17 

8 

9 

l6 

4 

5 

7 

4 

4 

Wt , Average 

7 

10 

15 

8 

8 

Subregion  E 


17 

13 

14 

21 

15 

15 

18 

4 

9 

6 

6 

5 

Wt . Average 

11 

13 

18 

13 

13 

Subregion  F 


19 

10 

15 

21 

9 

12 

20 

7 

13 

11 

- 

7 

21 

9 

15 

16 

- 

14 

Wt,  Average 

9 

15 

17 

9 

12 

REGION  AVERAGE 

8 

12 

17 

10 

10 
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In  yenor'il  the  slopes  of  cropland,  urban  and  other-  lands  are 
gentle  to  mocierate  while  the  pasture  and  forest  lands  occur  on 
moderate  to  steep  slopes.  Slojre  varies  from  6 percent  to  27  percent 
within  the  region.  Table  Q-3  shows  the  weighted  averages  of  slopes 
by  land  use  and  area. 

Slope  Length  - L.  This  is  the  average  distance  from  the  divide 
to  a definite  drainway  or  concentration  of  water.  This  factor  is 
obtained  from  field  measirrements , aerial  photographs  or  topographic 
maps.  Consultation  with  numerous  field  personnel  throughout  the 
NAR  revealed  that  this  factor  viried  within  the  areas.  Three 
hundred  feet  is  the  average  for  each  area. 

Rainfall  P'actor  - P.  This  is  based  on  the  maximum  30-minute 
rainfall  that  is  expected  to  occur  once  every  2 years.  This  fre- 
quency storm  represents  the  best  relationship  between  the  maximum 
intensity  rain  jn  30  minutes  and  the  amount  of  soil  eroded  during 
the  entire  storm.  Information  for  this  factor  is  obtained  from 
Weather  Bureau  Technical  Paper  40  ( lO)  and  interpolated  for  each 
study  area.  (See  figure  Q-5.)  The  range  is  from  0.6  inches  at  the 
northern  end  of  Maine  to  slightly  more  than  1.4  inches  in  southern 
Vi rginia . 
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Cover  Factor  - C.  This  is  an  expression  of  the  relative  ability 
of  different  types  of  cover  to  intercept  and  disperse  the  energy  ol’ 
falling  rain,  to  decrease  the  velocity  of  runoff  from  the  ground 
surface  and  to  improve  the  water  infiltration  properties  of  the  soils. 
The  character  and  density  of  vegetai.  cover  appears  to  cause  the 
greatest  relative  difference  in  tlie  rate  of  erosion.  With  all 
things  equal  except  cover,  the  rate  of  erosion  on  land  used  for  con- 
tinuous row  crops  may  be  more  than  100  times  as  great  as  pasture  or 
forest  which  is  in  good  physical  condition. 

Cover  factor  values  have  been  developed  experimentally  for  crop- 
land and  forest.  These  data  were  used  to  establish  cropland  cover 
factors  based  on  the  rotations  used  in  the  different  areas.  Rota- 
tion information  is  contained  in  Appendix  G.  Estimates  were  made 
for  pasture,  urban  and  other  land  uses.  The  values  used  to  express 
the  effect  of  different  cover  conditions  are  relative  to  bare  soil 
or  continuous  row  crops  with  furrows  up  and  downhill,  which  is  as- 
signed a value  of  one  (l.O).  In  the  case  of  urban  land,  considera- 
tion was  given  to  the  fact  that  during  the  urbanization  period,  while 
the  soil  is  unprotected,  cover  factors  are  much  greater  than  they  are 
after  the  urban  area  has  been  established. 

TABLE  Q-4 
COVER  FACTOR  - C 


Subregion  :Crop- 

:Crop-  :Wood-:  Subregion  :Crop-‘ 

Crop-  : 

Wood- 

and  Area  : 

land 

: land  : 

land:  and  Area  : 

land 

land 

land 

; 

itreat ed: 

J J 

treat ed: 

Subregion  A 

Subregion  B 

.004 

1 

.21 

.11 

.005  6 

.02 

.01 

2 

.02 

.01 

.004  7 

.02 

.01 

.004 

3 

.02 

.01 

.004  8 

.082 

.04l 

.004 

4 

.02 

.01 

.004  9 

.13 

.07 

.005 

5 

.02 

.01 

.004  10 

.078 

.039 

.005 

Wt . Average 

.06 

.03 

.004  Wt.  Average 

.07 

.036 

.004 

Subre^^ion  C 

Subregion  D 

.118 

11 

.02 

.01 

.004  IR 

.059 

.005 

12 

.078 

.039 

.003  15 

.137 

.069 

.004 

13 

.273 

.137 

.009  16 

.223 

.112 

.005 

Wt . Average 

.055 

.028 

.004  wt.  Average 

.143 

.072 

.004 

Subregion  E 

Subregion  F 

17 

.088 

.044 

.004  19 

.088 

.044 

.004 

18 

.19 

.095 

.003  20 

.101 

.051 

.004 

Wt . Average 

.119 

.059 

.004  21 

.117 

.059 

.004 

Wt . Average 

.097 

.048 

.004 

Regional  Average  .100  .060 

.004 

Note:  For  all 

subregions  the 

following  figures 

were 

used: 

Pasture 

01 

Urban  Treated 

.07 

Urban 

• 

20 

Other 

.05 
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The  cover  r.'ictors  were  .'idjucted  to  show  the  elTect  of  adequate 
Land  treatment.  It  is  assumed  th.at  adecjuate  land  treatment  ol' 
presently  untrcateil  cropland  would  reduce  erosion  by  [>0  percent. 
This  is  an  averatse  L’itjure  based  on  data  developed  by  V/isciimeier 
and  Smith.  (1() 

It  is  estimated  that  similar  Land  treatment  measures  applied  to 
urban  friiit^e  lands  would  reduce  erosion  by  05  percent.  ThereL’ore, 
cover  factors  were  reduced  by  0.5  and  0.05  respectively  for  tLie 
cropland  and  urban  land  receiving  adequate  land  treatment.  Table 
Q-4  gives  the  Weighted  average  cover  factors  developed  by  land  use, 
for  each  area  and  each  subregion. 

Erosion  Kates 


The  probable  soil  loss  in  tons  per  acre  per  year  for  each  land 
use  was  determined  for  each  land  resource  area.  Tlie  weighted  aver- 
age erosion  rates  for  the  individual  land  uses  and  the  average 
erosion  rate  for  each  area  are  shown  in  Figures  Q-7  through  Q-IF . 

Projections  were  made  for  erosion  rates  expected  in  the  years 
19^0,  POOO  and  2020.  Future  erosion  rates  were  based  upon  (l) 
present  levels  of  Land  treatment,  and  (2)  an  accelerated  treatment 
program.  Assumptions  used  in  these  projections  are: 

1.  Present  level  of  land  treatment 

a.  Present  relationsLiips  between  amounts  of  treated 
and  nontreated  land  would  persist.  Land  adequately 
treated  at  tlie  present  time  was  taken  from  Appendix  0. 

b.  Changes  in  acreages  of  various  land  uses  are  based 
upon  nistorical  trends.  These  acreages  are  recorded 
in  Appendix  G. 

2.  Accelerated  land  treatment 

a.  Adequate  land  treatment  would  be  applied  on  cropland 
lialfway  between  presently  treated  and  80  percent  by 
1980,  80  .percent  by  2020,  and  this  80  percent  would 
be  maintained  through  2020. 

b.  Urban  land  treatment  would  affect  only  that  land 
undergoing  urbanization;  Uo  percent  of  land  from  the 
present  to  I98O  would  be  treated,  80  percent  of  the 
land  between  I98O  and  2000,  and  80  percent  from 
2000  to  2020. 

c.  Because  macroscale  erosion  rates  of  other  land  uses 
are  small,  no  attempt  was  made  to  distinguish  between 
not  treated  and  adequately  treated. 
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edi.-nent  Deliver^"  Fate  of  Srosior 


lictilmout  YieJdo 


Eot invites  of  sediment  yield  are  based  on  the  averatje  ;;edim(i.t 
lieilvcry  ratio.  Tiiis  ratio  is  tlie  comparison  of  sediment  yi"id  to 
t;ross  erosion,  oxj)reGsed  as  a pendent  of  Uie  erosion,  Aii  analyrus 
of  data  obtained  from  studios  made  in  the  Blackland  Pr-airies,  the 
Ked  Hills,  the  Missouri  Loess  Hills,  the  Mississippi  Sand -Clay 
Hills,  and  t!ie  Southeastern  Piedmont  is  siiown  in  Figur-  e Q-6. ( 1 1 ) 


FIGUHE  Q-6 

SEDIMEKl  DELIVERY  RATE  VS.  SIZE  OF  DKAIIJAGE  AHE/'i 


Tiie  data  indicate  considerable  variation  in  sediment  delivery 
ratio  for  any  given  drainage  ;irea  size.  The  larger  the  drainage 
area,  the  less  soil  is  delivered  to  a particular  site,  Hoviever, 
wiicn  all  the  data  are  considered  together,  they  also  show  that 
tiiere  is  a general  relationship  between  delivery  ratio  and  drainage 
area  size.  Data  i'rom  the  Preliminary  Appraisal  of  Stre;im  Sedimen- 
tation in  tile  Susqueiianna  River  Basin  (12)  were  plotted  on  Figure 
Q-5.  Tiiese  data  provide  additional  information  and  validate  tlio 
usel'ulness  ol’  ttiis  curve  in  the  NAR. 

Delivery  ratio  i’or  tlie  HAR  was  determined  by  comparing  the 
erosion  rates  in  tiiis  appendix  witli  sedimentation  data  in  the 
D'.-iaware  River  Basin  Report  ( I3) , Potorruic  River  Basin  Report  (l*Oi 
and  tiie  U.  S.  Geological  Survey  0[)cn  File  Report  entitled  Prelim- 
inary Ap{)raisal  of  Stream  Sedimentation  in  the  Susqueiianna  River 
Basin  ( iP)  • Avcrag.e  delivery  ratios  for  these  basins  obtained  1‘rom 
tliese  reports  were  10.1,  B.3,  and  7,3  respectively.  A ratio  ol' 

'f.b  was  used  in  tills  study. 

The  jirojected  sedimentation  yields  for  I98O,  POOO  and  2020 
were  prepared  l>y  multifilying  tlie  delivery  ratios  time.;  the  jirojected 
erosion  r.ates  for  tlie  li-vels  of  land  treatment. 
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Stre.imbn.nk  Erosion 


To  complete  the  "National  Assessment  of  Strerunbank  Erosion", 
Soil  Conservation  Service  personiiel  in  conjunction  with  the  Corps 
of  Engineers,  from  nil  parts  of  the  Region  provided  information 
on  the  :tmounts  of  strenmbnnk  erosion  in  tiieir  areas.  Stream 
density  by  land  resource  area  was  used  to  determine  total  stre;un 
miles  and  bank  miles.  Estimates  wore  then  ma.de  on  how  many  of 
these  banks  erosion  was  negligible,  moderate  and  serious.  Damages 
were  determined  at  the  site  where  erosion  occurred  and  where  the 
ensuing  sediment  was  deposited.  Costs  of  treatment  were  calculated 
for  both  moderate  and  serious  cases. 

Shoreline  Erosion 


Three  reports  developed  by  the  Corps  of  Engineers  for  tiie 
"National  Siioreline  Study"  are  (l)  regional  Inventories,  (2)  shore 
protection  guidelines,  and  (3)  shore  management  guidelines.  The 
regional  inventories  are  descriptions  and  tabulations  from  many 
sources.  The  entire  8,500  miles  of  shoreline  were  classified  as 
stable  or  unstable  and  in  the  latter  category  as  either  critical  or 
noncritical.  Costs  were  established  for  various  levels  of  treat- 
ment . 

Problem  Area  Delineation 


Problem  areas  fall  into  two  general  categories  - onsite  and 
offsite.  Onsite  problem  areas  include  cropland  where  soil  erosion 
results  in  losses  in  productivity  and  increased  production  costs, 
urban  land  where  large  amounts  of  soil  are  lost,  and  eroding 
streambanks  and  .shorelines  which  are  total  losses  of  land.  Offsite 
problem  areas  are  usually  flood  plains,  streams,  rivers  and  lakes 
where  sedimentation  occurs.  This  often  results  in  damage  to  ponds 
and  reservoirs,  water  supplies,  natural  and  constructed  channels, 
fish  and  wildlife,  transportation  and  other  facilities. 

Cropland  where  erosion  rates  exceed  allowable  soil  losses  are 
problem  areas.  Soil  technologists  have  used  experimental  data  to 
assign  allowable  losses  for  all  soils  found  in  the  Region.  This 
loss  reflects  the  amount  of  soil  that  can  be  lost  from  cropland 
and  still  maintain  a high  level  of  productivity  over  a long  period 
of  time.  These  allowable  soil  losses  range  from  one  ton  to  five 
tons  per  acre.  Generally,  the  higher  losses  are  allowed  on  deep, 
permeable,  well  drained  soils  and  the  low  losses  on  soils  having 
unfavorable  subsoil  characteristics.  Excessive  erosion  from  crop- 
land areas  constitutes  a problem  area. 

Urbaui  areas  constitute  a major  problem  during  the  construction 
period.  Residential,  commercial,  industrial  and  highway  construc- 
tion expose  large  areas  of  bare  soil  for  periods  from  three  to 
seven  years  long.  Severe  erosion  takes  place  in  a short  time. (15) 
Almost  all  urbanizing  areas  are  classed  as  problem  areas. 
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ot  reamb.'inK  eror.ioii  problem  areas  are  often  small  and  scattered. 
The  {greatest  problem  is  the  total  loss  of  land  which  occurs  with 
the  erosion.  In  addition,  foundations  for  buildings,  utilities 
and  fences  are  often  undercut  causing  severe  property  d.'image.  These 
areas  were  delineated  in  a I9G9  study.  {?)(8) 

Shoreline  erosion  problem  areas  are  similar  to  those  listed 
under  streambank  erosion  areas.  These  problems  are  no  less  severe. 
Unstable  and  critical  areas  originally  marked  by  photographic- 
survey  are  shown  on  plates  in  the  "National  Shoreline  Study  - 
North  Atlantic  Region". (2) 

Reservoir  sedimentation  data  show  that  relatively  small  quaii- 
tities  of  deposition  liave  caused  sedimentation  problems  in  sm/ill 
capacity  ponds  and  reservoirs,  and  in  the  recreation  pools  of 
large  reservoirs.  The  same  is  considered  true  for  stream  channels, 
drainage  ditches,  roadside  ditches  and  catch  basins.  For  the 
purpose  of  this  appendix,  all  21  areas  will  be  considered  sedimen- 
tation problem  areas  varying  only  in  degree. 

Damages,  Costs  and  Benefits 

Estimrites  of  erosion  damages  to  agricultural  lands  generally 
involve  evaluating  the  loss  of  productivity,  higher  production 
costs,  and  social  costs.  The  reduction  in  yield  varies  with  tlie 
amount  of  soil  which  is  lost.  These  dfunages  nviy  be  represented 
by  the  market  value  of  the  plant  nutrients  contained  in  the  soil 
being  lost  and  have  been  estimated  to  have  a value  of  $1  per  ton 
of  soil.  (16)  Production  costs  are  increased  where  destroyed 
structure  makes  soil  harder  to  till,  and  where  machinery  must 
cross  gullies  and  unpjroductive  land.  Loss  to  public  interests 
results  as  a poorer  resource  base  (lower  tax  base). 

Information  on  erosion  damages  in  urban  areas  is  limited. ( IT)  ' 
These  damages  could  be  measured  by  a savings  of  certain  development 
costs  and  greenery  establislunent , and  preventing  mud  slides.  It 
is  recognized  that  sheet  erosion  does  occur  on  other  land  uses, 
but  losses  are  minimal.  Only  loss  of  productivity  on  cropland  was 
computed  in  monetary  terms . 

Sedimentation  damages  are  considered  to  be  the  cost  of  removing 
the  sediment  deposited  in  downstream  areas.  All  land  in  the  Region 
contributes  to  downstream  sedimentation  and  is  considered  in  mea- 
suring sediment  damage.  Damage  occurs  during  transport  all  along 
streams,  rivers, lakes  and  wherever  sediment  is  deposited.  Costs 
for  sediment  removal  range  from  $.25  to  over  $3  per  cubic  yard 
removed.  For  the  NAR  Study  the  average  removal  cost  is  estimated 
to  be  $2  per  cubic  yard  of  sediment.  Because  of  the  increasing 
concern  over  depositing  dredged  material  at  the  site  where  it  is 
removed,  tliis  cost  could  be  higher  In  the  future  if  the  spoil 
must  be  trucked  away  to  special  disposal  sites. 


Streambarm  erosion  dainaf^es  are  the  result  of  land  voiding. 
Damage  values  were  developed  for  urban  and  agricultural  laiid. 

Actual  and  potential  land  use  of  the  eroded  area  were  used  in 
assigning  the  danvageable  value  to  the  acreages  - high  value  land 
$600  per  acre,  medium  value  $300  per  acre,  and  low  value  $50  per 
acre.  Estimates  of  damage  to  other  properties  were  itiEide.  Down- 
stream or  sedimentation  damages  were  estimated  based  on  an  average 
loss  of  soil  per  mile  of  eroding  bank.  Approximately  $30  per  mile 
of  erosion  was  used  for  computing  offsite  damage. 

The  nature  of  shoreline  erosion  and  the  constant  shifting  of 
sands  made  estimates  of  erosion  damages  beyond  the  scope  of  the 
Corps  study. (2)  Areas  of  damage  were  classed  as  critical  and 
noncritical. 

Costs  for  land  treatment  were  based  on  expenditures  by  land- 
owners  and  operators  to  adequately  treat  an  acre  subject  to 
erosion.  Conservation  treatment  includes:  diversions,  strip- 
cropping, cover  cropping,  trail  and  roadside  stabilization, 
establisliment  and  re-establisliment  of  grass,  shrubs,  and  trees, 
and  wildlife  habitat  development  and  preservation.  The  initial 
cost  of  this  treatment  showii  in  Appendix  G is  from  $25  to  $100 
per  acre. 

Costs  for  streambank  protection  were  estimated  to  be  $12,000 
per  barb;  mile  for  vegetative  treatment,  $120,000  per  bank  mile 
for  riprap,  and  $400,000  per  bank  mile  of  lined  channel.  Shoreline 
protection  costs  range  from  $185,000  per  mile  for  a simple  sandfill 
to  $2.6  million  for  more  extensive  work  which  might  include  piling 
and  jetties. 

Benefits  are  based  upon  the  reduction  of  erosion  and  ensuing 
sediment.  Onsite  monetary  benefits  to  cropland  were  computed 
using  $1  for  every  ton  of  soil  retained.  Offsite  monetary  benefits 
were  computed  using  $2  for  every  cubic  yard  reduction  in  sediment. 
Streambank  erosion  benefits  are  the  reduction  in  land  voiding, 
downstream  sedimentation,  and  loss  of  buildings,  fences  and  utili- 
ties. Shoreline  benefits  are  primarily  the  protection  and  preser- 
vation of  beaches,  recreational  facilities,  and  coastlines. 
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Ill  - HEGIONAL  SUrMVKY 


PRESEiJT  STATUS 
Urosion 


Man's  activities  have  speeded  erosion  beyond  the  natural  geologic 
pi'ocess  to  an  unnatural  ruinous  process.  Construction  and  good  pro- 
ducing areas  are  the  major  sources  in  the  NAR  of  I5I  million  tons  of 
soil  lost  each  year.  Streambanks  and  shorelines  denuded  of  vege- 
tation are  eroding.  Unnatural  speeded  erosion  is  subject  to  man's 
control. 

Kinds 


Erosion  by  water  can  be  divided  into  three  broad  categories: 

(1)  overland  erosion,  (2)  channel  erosion,  and  (3)  shoreline  erosion. 
Each  category  can  be  liirther  divided  into  several  kinds  of  erosion. 

Overland  Erosion.  Overland  erosion  includes  sheet  erosion  by 
both  wind  and  water.  Sheet  erosion  (including  rill  erosion)  by 
water  is  defined  as  the  removal  of  a relatively  uniform  depth  of 
soil  or  soil  nuiterial  from  the  land  surface  by  runoff  flowing  over 
the  land  surface  without  the  formation  of  major  channels.  Sheet 
erosion  by  wind  occurs  when  winds  pick  up  and  transport  loose, 
dry,  finely  divided  soil  particles  from  smooth,  bare  fields.  This 
type  of  erosion  generally  occurs  on  cultivated  loose  sands  or  light, 
silty  soils. 
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'~^:i:uinc'L  Hrojioi..  Chaiiiioi  cro;'. ion  11:  dofincd  n;;  I'nc  cnTnovni  o!' 
soil  arid  rook  iry  a '’on:'c  lit ratc;d  I'iov/  ol'  water  and  i iieiudc.;  i"aLL.y 
|■•>al:•  ■' i>n , .'t .'■'•ann.aui-'.  erosion,  streambed  degrada ti or. , flood  ;,lajr. 
.■'•t)ur.  valley  t riau-'nint^  ar.d,  to  some  cxteiit,  roadbann  erosion. 

du.i  Ly  crosioii  oecurs.  vriien  siiect  and  r-ili  erosion  prurresses  to 
the  point  where  a majoi  depre.ssion  is  formeai.  iiot  only  is  a largo 
amount  of  valuar  le  soil  lost,  but  fields  are  segmented  ar;d  equipment 
oannot  I'ross  trie  gully  during  i'ai-ming  operation. 

Stfea.mbanx.  ero.'.ie'n  oecuia-  widely  througiiout  the  Region,  it  is 
not  s-ign i f ieaant  wlicn  considered  as  part  of  the  entire  UAH.  Ori  a 
local  ba.us  wnere  ti.e  stream  is  eroding  tiie  bam-.s  bo'-dering  good 
agri  'ultural  land,  tin;  los.s.  may  bo  signii’icant  to  tno  landowri*--. 

Mus'a  of  the  I'iood  plain  Land  is  used  le>ss  intensively  ttian  is  poten- 
tia. lly  possible.  T.hi.',  is  because  of  tne  st reambarii'.  nasard. 


Undercut  banks  cause  land  voiding  and  property  damage 


otreambed  degradation  occurs  when  the  bed  of  the  stream  Is 
‘ t'oded  either  oecause  the  gradient  of  the  stream  has  been  changed 
'■  a rarijor  storm  has  caused  the  protective  bedload  cover  to  be 
removed  and  the  bottom  ei'oded.  Degradation  is  not  generally  no- 
ti sed,  but  can  result  in  a lowering  of  the  water  table  in  the  area 
around  the  stream. 
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Flood  pin  In  scour  occurs  when  n r.trenm  over!' Lows  its  banks  anrl 
cuts  a temporary  or  )iiy;h  stage  channel  Into  the  flood  plain.  De- 
pending on  the  time  of  year  this  can  result  in  the  loss  of  a '-rop 
a;-,  well  as  the  fertile  topsoil. 

ValLey  trenching  is  the  cutting  of  a new  channel  by  the  streams 
and  results  In  a total  loss  ol'  land.  Cultivation  is  generalLy  not 
possible  on  these  lands. 

Shoreline  erosion.  This  kind  of  erosion  is  the  result  mainly 
of  storm  waves  and  currents,  although  runoff  also  contributes  to 
the  problem.  Large  amounts  of  land  are  lost  each  year  - more  tiian 
two  feet  per  year  in  some  cases.  Even  more  dramatic  are  the  losses 
where  high  banks  are  eroded.  A detailed  discussion  of  tliis  problem 
is  found  in  Appendix  U. 


A 


Lighthouse  with  eroding  glacial  till  bluff  is  now 
several  hundred  feet  closer  to  tiie  edge. 


Rates 


In  the  NAH  siieet  erosion  and  channel  erosion  are  all  active  at 
varying  rates.  Results  of  studies  on  watersheds  througliout  the 
United  States  show  that  overland  erosion  is  the  largest  source  of 
sediment.  This  is  generally  the  case  in  more  humid  parts  of  the 
country  (l8)  and  applies  to  the  NAH. 

The  rate  of  sheet  erosion  depends  on  soil  type,  topography, 
rainfall  and  cover  conditions.  Ttie  soils  in  the  NAR  generally 
have  a low  erodibility  factor.  The  weighted  average  soil  erodi- 
bility  factor  is  0.25  and  ranges  from  O.iy  in  Subregion  B to  0.33 
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In  oubrogion  F (TabLe  Q-2).  In  gcncr-ai,  the  of  the  croijiand, 

urban,  and  other  Lands  are  gentle  to  moderate  wfiiie  the  {>asture  and 
forest  Lands  occur  on  moderate  to  steep  slopes  (Table  Q- j) . There 
is  considerable  variation  in  the  rainfall  factor.  Figure  Q,-‘j  shows 
the  maximum  2-year,  30->^nute  rainfall.  The  range  is  from  0.6 
inches  at  tiie  northern  tip  of  Maine  to  a Little  more  than  1.4 
inches  in  southern  Virginia. 

The  greatest  relative  difference  in  the  rate  of  erosion  comes 
from  changes  in  the  cover  factor.  The  cover  factors  used  in  the 
iiAR  Study  (fable  Q-4)  are  relatively  uniform  throughout  the  Region 
witli  the  exception  of  cropland.  This  is  due  largely  to  more  in- 
tensive agriculture  in  Subregions  D,  E,  and  F.  In  the  New  England 
area  several  years  of  hay  in  the  crop  rotations  result  in  con- 
siderably lower  cover  factors. 

EstiriKited  present  gross  erosion  rates  for  all  land  in  the  h'AR  are 
shown  in  Table  Q-5.  A sharp  contrast  exists  in  the  amount  of  erosion 
in  the  northern  section  (Subregions  A,  B,  and  C)  of  the  Region  and 
tiie  southern  section  (Subregions  D,  E,  and  F).  There  are  several 
reasons  for  this:  (l)  soils  in  the  New  England  area  are  less  erodible, 
(2)  rainfall  factor  is  lower  in  the  north,  and  (3)  most  of  the  land 
is  I’orest  or  grass  covered  in  the  area  with  the  lower  rates. 

TABLE  Q-5 

GROSS  EROSION  FROM  ALL  LAND 
PRESENT  CONDITIONS 
NORTH  ATLAITflC  REGION 


Subregion:  Total  : 
and  Area  : Acres  : 
: (Million: 

Tons/ 
Sq.Mi ./ 
Yr. 

:Tons/  : 
:Ac./  : 

: Yr.  : 

Subregion:  Total  : 

and  Area  : Acres  : 

: (Million) : 

Tons/ 

Sq.Mi. 

Yr. 

:Tons/ 

/:Ac./' 

:Yr. 

Subregion  A 

Subregion  B 

1 U.6 

173 

0.27 

6 2.5 

192 

0.30 

2 5.0 

166 

0.26 

7 3.1 

486 

0.76 

3 3.6 

186 

0.29 

8 7.0 

390 

0.61 

4 2.1 

154 

0.24 

9 2.6 

762 

1.19 

5 3.5 

166 

0.27 

10  2.8 

4l0 

0.64 

Subregion  C 

Subregion  D 

11  7.1 

205 

0.32 

14  1.5 

1645 

2.57 

12  8.3 

550 

0.86 

15  8.0 

1562 

2.44 

13  1.0 

1242 

1.94 

16  1.4 

685 

1.07 

Subregion  E 

Subregion  F’ 

17  17.4 

1504 

2.35 

19  9.3 

1574 

2.41 

18  4.7 

1626 

2.54 

20  3.7 

1152 

1.80 

21  6.6 

1530 

2.39 

Total  Land 

Ac  reage 

- 105.7  million  acres 
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AIL  of  tile  rites  siiovm  in  Table  Q-^  are  relatively  low  because 
tliere  are  large  acreages  of  land  with  good  cover  conditions  wtiicli 
protect  against  erosion.  Forest  and  pasture  land  liave  very  Low 
erosion  rates  and  constitute  a large  percentage  of  tiie  total  laiid 
use.  Tills  masks  tiie  fact  tliat  cropland  and  urban  land  Liave  mucii 
liiglier  rates. 

ALtiiougli  cropland  comprises  only  I'j  percent  of  tiie  land  use  in 
tiie  iiegion,  substantial  amounts  of  soil  are  being  lost  from  this 
acreage.  Table  Q-6  gives  the  acreage  and  tiie  erosion  rates  for 
cropland.  These  average  rates  include  6.2  million  crop  acres  not 
subject  to  erosion  as  well  as  9*8  million  crop  acres  on  whicii 
erosion  is  a dominant  problem.  Approximately  40  percent  of  the 
lb  million  acres  is  adequately  treated. 

TABLE  Q-6 

GROSS  EROSION  FROM  CROPLAND 
PRESENT  CONDITIONS 
NORTH  ATLANTIC  R0GION 

Subregion:  Total  : Tons :Tons/  : Subregion:  Total  : Tons :Tons/ 
and  Area  : Acres  : Sq.Mi . / : Ac . / : and  Area  : Acres  :Sq.Mi ./:Ac . / 

:(LOOO)  : Yr.  : Yr.  : :(1000)  : Yr.  : Yr. 


Subregion  A Subregion  B 


1 

24o 

1344 

2.10 

1 

170 

14 1 

.22 

2 

196 

122 

.19 

7 

168 

192 

.30 

3 

287 

186 

.29 

8 

598 

1197 

1.87 

4 

132 

115 

.18 

9 

145 

1645 

2.57 

5 

215 

154 

.24 

10 

237 

698 

1,09 

Subregion 

C 

Subregion 

D 

11 

1222 

128 

.20 

14 

229 

3123 

4.88 

12 

1296 

1120 

1.75 

15 

1811 

3609 

5-64 

13 

63 

1926 

3.01 

16 

212 

2112 

3.30 

Subregion 

E 

Subregion 

F 

17 

~4oi9 

3392 

5.30 

19 

1823 

3757 

5.87 

18 

1766 

3565 

5.57 

20 

582 

4019 

6.28 

21 

636 

5702 

8.91 

Total  Croplajid  Acreage  - l6  million  acres 


Urban  and  other  lands  are  anotiier  main  source  of  erosion.  Acre- 
ages include  bare  land  awaiting  development,  construction  areas, 
recently  urbanized  and  established  urban  land,  and  vacant  lots, 
recreational  areas,  yards  and  farmsteads,  unpaved  roads  and  road- 
sides with  poor  cover  conditions.  Rates  are  much  higher  than  for 
grass  or  forest  cover.  Urbanization  is  occurring  on  about  .4  mil- 
lion of  the  13.2  million  acres  (assumes  three  year  development 
period) . Rates  on  these  areas  are  9 to  I5  times  greater  than 
averages  shown  in  Table  Q-7» 
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TABLE  Q-7 


GROSS  EROSION  FROM  ESTABLISHED  URBAN  Am  OTilEK  LAIID 
NORTH  ATLANTIC  REGION 


Subregion 

Total 

Tons  / 

: Tons / : 

Subregion;  Total; 

Ton:-/  T 

Toruj 

and  Area 

Ac  res 

Sq.Mi  . 

/:Ac./  : 

and  Area  : Acres: 

Sq.m./  ; 

A-.j 

(1000) 

Yr. 

: Yr.  : 

; ( 1000 ) : 

Yr.  : 

Yr. 

Subregion 

A 

898 

1.34 

Subregion  B 

1096 

1 

b6 

b 297 

1.69 

0 

<_ 

IbO 

813 

1.27 

■{  4bl 

2498 

3.84 

3 

li9 

i'^06 

2.76 

8 930 

21if' 

3.30 

I4 

122 

998 

1.96 

9 798 

2010 

3.19 

5 

2G1 

1192 

1.80 

10  494 

1210 

1 .90 

Subregion 

C 

Subregion  D 

11 

971 

L402 

2.19 

14  610 

2839 

4.43 

12 

109i 

2189 

3.42 

19  1647 

3479 

9.43 

13 

629 

i773 

2.77 

10  4 10 

1312- 

2.09 

Subregion 

E 

Subregion  F 

17 

2139 

94G(j 

8,94 

19  997 

4838 

7.96 

18 

939 

2449 

3.82 

20  394 

3821 

21  999 

8314 

12.99 

Total  Urban  and 

Other  Acre.'ige  - 13.2  million  aci'es 

Tree.:  and  grass  provide  cover  that  dissipates  erosive  energy. 

Wit!i  the  excepition  oT  abandoned  skid  trails  and  logging  roa.lr, 
dcToliated  trees  caused  by  disease  or  fire,  and  overused  recreational 
.areas,  erosion  rate;'.  I'rom  forest  lands  are  minimal.  With  the  excep- 
tion of  overgrazed  and  very  pjoorly  rn.'inaged  pastures,  erosion  rates 
i'rom  pasture  are  siwtll.  Forest  .and  pasture  land  erosion  rates  are 
t.’io.se  expected  from  the  natural,  geologic  process. 

In  the  streambank  erosion  process,  energy  I'rom  streaml’low,  ice, 
floating  debris,  and  g.ravity  is  applied  to  the  streambank  and  bed. 

II'  the  ener-f'y  is  greater  than  the  resistance  of  the  soil  particles 
forming  tlie  channel,  erosion  results.  Bank  resistance  is  determined 
by  its  soiJ  composition  and  condition.  Frequent  and  iiigh  discliarges 
and  increased  velocities  are  streamfiow  influences  causing  greater 
erosive  action.  The  effect  of  stream  sediment  on  bank  erosion  is 
related  to  tiie  amount  of  total  sediment  and  tiie  r.atio  of  bed  load 
to  r,usi)rrided  load.  Wave  action,  ice  flows,  debris,  sudden  drawdown 
ol'  prolonged  high  stages  and  rapidly  fluctuating  stages  contribute 
to  b.ank.  erosion.  The  flowing  stream  is  con;:tantly  trying  to  cstab- 
li::h  equilibrium  .among  its  discharge:  amount  and  type  of  sediment 
channei  widtli,  depth,  and  slope;  velocity;  and  the  material 
forming  its  bed  .'ind  banks.  (19) 

Mail'.  ;ictivities  have  influenced  some  of  the  erosion-producing 
I'.'ictors.  By  reducing  flood  peaks  with  reser'voirs,  duration  ol'  bankfuli 
. t'lgf:;  down.-.trc.'un  from  the  d.'im  m;iy  be  increased.  By  trapping 
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suspended  and  bedload  sediment,  released  clear  water  alters  the 
previous  stream  equilibrium.  Recreational  and  commercial  water 
traffic  causes  wave  action.  By  encroachment,  man  reduces  the  cross- 
sectional  area  of  the  channel  available  to  carry  the  flow  of 
streams,  thereby  increasing  tfie  velocity .( I9)  By  stripping  the 
baniis  ol’  vegetation  and  allowing  iivestocK  to  trample  down  the 
banks,  the  condition  of  the  streambank  is  adversely  affected. 

Streambank  erosion  rates  are  between  0.1  and  0.5  feet  per  year 
of  lateral  cutting  throughout  the  WAR.  Because  the  total  tons  lost 
depends  on  the  height  of  the  bank  being  eroded,  no  total  loss 
figure  can  be  established  for  the  entire  area. 

Changes  of  the  coastline  and  offshore  depths  are  principally 
influenced  by  tidal,  current  and  wave  action,  by  the  condition  of 
the  shoreline,  and  by  the  natural  dependable  supply  of  beach 
nourishment  material  to  keep  the  shore  in  a stable  condition. 
Hurricanes,  ocean  storms,  and  swells  cause  water  action  to  become 
erosive.  Shoreline  construction  and  destruction  of  natural  vege- 
tation make  the  coastline  vulnerable  to  tiie  erosive  processes. 
Siioreline  varies  from  rocky  bluffs  in  the  north  to  large  expanses 
of  low,  sandy  beaches  from  Southern  New  England  to  Virginia. 

Shoreline  rates  vary  considerably  from  very  little  erosion  or 
.1  foot  per  year  to  more  than  10  feet  per  year.  Littoral  drift 
and  other  negating  factors  help  re-establish  the  shoreline  and  a 
net  erosion  figure  results.  Determination  of  this  figure  must 
be  on  a very  local  basis  and  no  attempt  has  been  made  in  this 
study  to  determine  this  figure. 

Sediment 


Sediment,  the  product  of  the  erosion  process,  is  deposited 
along  the  flood  plains  and  often  causes  danuiges , It  can  result  in 
infertile  overwash,  cause  sw;implng  and  increase  flooding.  It 
damages  drainage  improvements,  water  filtration  plant  equipment, 
reservoirs,  transportation  facilities,  fish  and  wildlife,  decreases 
the  recreational  value  of  water;  and  increases  costs  of  industrial 
and  municipal  water  treatment. 

Kinds  of  Sediment  Damages 

Infertile  overwash  is  the  deposition  of  sand,  gravel  or  other 
unproductive  nuiterial  on  flood  plains  during  floods.  This  destroys 
or  greatly  reduces  the  productivity  of  the  bottom  lands. 

Swamping  is  caused  by  sediment  deposits  filling  in  stream 
channels  and  impairing  drainage  to  the  extent  that  the  water  table 
is  raised,  reducing  crop  yields  in  tiie  adjacent  lands.  This  sedi- 
ment also  impair;;  natural  soil  drainage  and  reduces  infiltration. 
This  may  be  caused  by  tlie  formation  of  natural  levees  adjacent  to 
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t)ie  ehaiuicl  wliich  impairs  flood  plain  drainage.  Swamping  also 
leads  to  increased  flooding  wtiicii  may  be  caused  by  tlie  decrease  iri 
ciiannel  capacity  by  sediment  deposits.  Tiiese  deposits  may  decrease 
the  grade  or  -ross  sectional  area  of  tiie  ciiannel. 

Damage  nuiy  be  caused  to  drainage  improvements,  channels  and 
structures.  Sediment  accumulates  in  these  structures  and  must  be 
removed  for  tliese  systems  to  remain  effective. 

Tiie  cost  of  removing  sediment  from  municipal  and  industrial 
water  is  coJisidered  a damage.  Damages  consist  of  increased  cost 
ol’  flocculating  ciiemicais  for  water  treatment,  damages  to  pumps 
and  treatment  plants,  and  increased  time  necessary  to  clean  up 
the  water. 

Tiie  damage  to  reservoirs  is  the  loss  of  storage  capacity  due  to 
sediment  accumulation.  This  damage  is  usually  measured  as  a 
storage  replacement  cost  since  it  is  generally  less  expensive  to 
build  new  reservoirs  than  it  is  to  dredge  tiie  sediment  from  existing 
reservoirs . (20)  Accumulation  of  sediment  in  reservoirs  generally 
results  in  reduced  downstream  sediment  damages  due  to  the  trapping 
effect  of  the  reservoir. 

The  damage  to  transportation  facilities  includes  damage  to  hlgii- 
ways  and  railroads.  Sediment  deposited  in  highway  and  railroad 
ditciies,  culverts  and  bridges,  as  well  as  on  the  roadways,  increases 
the  cost  of  maintenance. 

The  deimage  to  navigable  streams  is  reflected  in  the  cost  of 
maintaining  the  required  depth  and  width  by  dredging. 

Sediment  reduces  the  attraction  of  many  streams,  lakes,  ponds, 
and  reservoirs  for  swimming,  boating,  fishing  and  other  water-based 
recreation  activities.  Sediment  destroys  the  spawning  beds  of 
game  fish,  smothers  their  eggs  and  reduces  their  food  supply.  Fish 
eat  worms,  insect  larvae,  and  other  small  aquatic  animals  that  feed 
on  microscopic  plants,  but  muddy  water  shades  out  light.  Interfering 
with  the  growth  of  the  microscopic  plants.  The  deep  pools  that 
provide  a refuge  for  fish  during  the  dry  season  have  been  filled  by 
sediment  in  many  of  the  smaller  streams.  Many  streams  no  longer 
have  as  many  game  fish  as  they  once  had.  Trash  fish  such  as  carp 
€uid  suckers  ceui  live  in  turbid  water  and  are  replacing  the  game 
fish. 


Sediment  has  adverse  effects  on  shellfishery  resources.  It  not 
only  reduces  the  survival  capacity  of  the  larval  stages  of  shell- 
fish when  they  are  present  as  free  floating  stages  in  the  water 
column,  but  also  destroys  young  and  adult  shellfish  by  silt  deposi- 
tion. This  Is  particularly  true  during  the  over-wintering  dormant 
periods.  It  Is  difficult  to  assess  these  recreational  and  fish  and 
wildlife  losses  in  monetary  values. 
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Yields 
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i 

I 
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3edineiit  yields  based  on  erosion  vary  a great  deal  throughout 
the  Region,  (iross  erosion  and  sediment  yield  are  not  synonymous 
bet.,\ause  of  progressive  deposition  of  eroded  materials  enroute  from 
point  of  origin  to  the  point  under  consideration  in  the  area, 
dedimcnt  yield  correlates  with  erosion  Inasmuch  as  a decrease  in 
erosion  generally  results  in  a decrease  in  sediment  yield.  Average 
rates  were  calculated  using  the  delivery  ratio  of  7.5-  Data  shown 
in  Table  Q-8  give  yields  from  al_  land  by  areas.  Generally,  yields 
are  as  much  as  10  times  greater  in  the  southern  part  of  the  Region 
as  they  are  in  the  northern  part. 

Gediment  yields  from  sources  as  construction  areas,  roadsiaes, 
and  streambanXs  wiiicii  are  in  close  proximity  to  streams  are  diffi- 
cult to  measure.  Because  the  point  of  origin  is  so  near  the  stream, 
delivery  ratios  are  higher  and  thus  sediment  yields  are  greater. 
Heavy'  sedimeiit  loads  cause  locali'zed  damages. 

TABLE  Q-8 


RATE  OF  SEDIJiEIiT  YIELD  FROM  ALL  LAIiD 
NORTH  ATLANTIC  REGION 


Subregion:Tons/Sq.Mi . 
and  Area  ; Yr. 

/' : Wt . 

; Average 

: Subregion:Tons/Sq.Ml . , 

; and  Area  ; Yr. 

Wt . 

; Average 

Subregion  A 

Subre/^ion  B 

1 

13 

o 

l4 

2 

12 

7 

36 

3 

14 

13 

8 

29 

33 

4 

12 

9 

57 

5 

12 

10 

31 

Subregion  C 

Subregion  D 

11 

15 

ii+ 

123 

12 

4l 

33 

15 

117 

109 

13 

93 

16 

51 

Subregion  E 

Subregion  F 

17 

113 

19 

118 

18 

122 

115 

20 

80 

111 

21 

115 

Regional  Average  ~ 

69  tons/sq.mi ./yr . 

The  amount  or  concentration  ol‘  sediment  carried  by  str-eams  is 
affected  significantly  by  flow  conditions.  During  periods  of  base 
flow,  when  the  streamfLows  are  nviintained  largely  by  ground  water 
discharge,  sediment  concentrations  are  noi-nvilly  relatively  low  and 
change  little  from  day  to  day.  In  small  streams  the  water  and 
::ediment  content  ctiange  rapidly  during  periods  of  direct  storm 
runoff  and  the  runofl'  lasts  only  a short  time.  In  the  large  rivers, 
however,  the  water  discharge  and  sediment  concent I'ations  change 
more  slo'^/Ly,  but  the  duration  of  a storm  discharge  is  much 
longer. (2i)  0-2Q 


Problem  Areuu 


Tbo  eror.ion  proccsa  resulLi;  in  onsite  and  offsite  damage;;.  Ero- 
sion danutgcs  are  consi<5ercd  onsite  damages  that  occur  to  the  land 
being  eroded.  Sediment  damages  are  offsite  damages  usually  occur- 
ring far  from  the  site  of  erosion.  Damages  refer  to  loss  of  Income 
or  increased  costs,  and/or  reduction  in  environmental  quality. 

Erosion 


Damages  occur  through  the  loss  of  soil,  a breaXdown  of  soil 
;tru'-ture,  siiallower  depth  of  toi).;oil,  and  loss  of  organic  inatter. 
nutrients  anti  essential  mi'' ro-organism;:  contained  in  the  eroded 
topsoil  may  never  be  replaced  on  some  of  tlic  more  shallow  s.oils  in 
tiie 

Allowable  soil  loss  rates  on  cropland  for  many  soils  in  the 
Region  are  about  3 tons  per  acre.  This  may  vary  under  local  con- 
ditions where  a thin  soil  cover  is  present  or  for  other  reasons. 
Using  this  figoire  as  a general  guide  in  considering  gross  erosion 
from  cropland,  most  of  tiie  areas  south  of  New  York  have  erosion 
problems.  Because  of  a shallow  soil,  Area  1 and  Area  9 with  a 2.1 
and  2.6  tons  pei'  acre  pei-  year  soil  loss  is  also  a critical  rate. 


Crop  yield  decline  and  production  costs  increase  with 
the  loss  ol’  topsoil. 


Danvige  from  erosion  occurs  on  most  cropland  in  the  NAR  with  the 
tmiin  difference  being  the  degree  or  amount  of  erosion  occurring. 
Damage  of  productivity  loss  to  cropland  is  more  than  $53  million 
annually.  As  can  be  seen  in  Table  Q-9>  96  percent  of  the  damage 
o'’i'urs  in  oubregions  D,  E and  P’. 


Q-30 


TABLE  Q-y 


EhOSION  DAMAGE  TO  CHOPJVUJD 
NOOTH  ATIAlTnC  REGION 


Subregion  : 

Cropland  Subject  to 

Erosion 

: Annual 

and  Area  : 

Siig.ht 

: Moderate 

: Severe 

: Soil  Loss 

( 1000  acres) 

(1000  tons) 

Subregion  A 

1 

136 

100 

4 

433 

2 

143 

51 

2 

30 

3 

183 

98 

6 

67 

4 

80 

50 

2 

19 

155 

53 

7 

38 

Subtotal  A 

697 

352 

21 

587 

Subregion  B 

t , 

84 

80 

6 

29 

7 

95 

68 

5 

51 

8 

344 

182 

72 

481 

9 

104 

39 

2 

279 

10 

13^ 

97 

6 

210 

Subtotal  B 

761 

466 

91 

1050 

Subregion  C 

11 

682 

46o 

80 

187 

12 

492 

642 

162 

1670 

13 

48 

l4 

1 

103 

Subtotal  C 

1222 

1116 

243 

i960 

Subregion  D 

n; 

87 

115 

27 

855 

605 

973 

233 

8018 

l6 

l44 

63 

5 

490 

Subtotal  D 

836 

1151 

265 

9363 

Subregion  E 

17 

834 

2196 

989 

I6819 

18 

1013 

654 

99 

7808 

Subtotal  E 

1847 

2850 

1088 

24687 

Subregion  F 

19 

459 

1023 

341 

8351 

20 

261 

245 

76 

268b 

21 

341 

98 

4685 

Subtotal  F 

917 

1609 

515 

15722 

Rfl^IONAL  TOTAL 

6280 

7544 

2223 

53369 

Cropland  subject  to  erosion  is  based  upon  Land  capability  class 
and  subclass: 

Slight  Cropland  not  in  subcalss  e 

Moderate  lie  and  Ille 

Severe  IVe  through  Vllle 
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Kxp-iiuiinr  urban  ■in-i.:.  liy  in  ouui'uj'ion  i.  nave  oxix.-r:- 

i-n -I'l!  i x ■;  ve  roi  l lor, n r.  ■■  ■ imiidinii  oonl  r-a<-boru  often  'ier.troy 
t'nc  voi.-efttiv  -oviv.  Ili'or.ion  r,onietlmcr>  endaiit'cr-r  bui  Id  i.ii,-r , unue.'-- 
nun.'.-  fouiuiat  ion  r . and  destroy:;  projea-t  worn:'.  Onr.It-;  .-.ediiaf  tit 
•iv-a''  .'toriii  r.evtorr.  >'overr.  roadways,  'and  fill:;  ooii.'.Uru 'tioi;  '■/'•ava- 
Uioi..-.  dot  only  is  tj;ood  roil  lost  to  eroriot:,  but  the  xtrobJ.ein  ir. 
soinewii.at  '-ompounded  when  tiie  now  iajido'WJier  tries  to  establir.h  a pood 
protC'.-tive  cover  on  £)OOia’r  r,oii  conditions.  Many  of  tncr.e  same 
probtemr.  occur  with  iiipiiway  conr-t ruction  v/licn  iO  to  hO  acre.s  per  mile 
a •a-  'le.ared.  dome  ;:tcps  nave  been  taken  to  alleviate  this  situation, 
nut  more  ncedr.  to  be  accomp  1 ir.ned  . 


Otner  rapidly  urbanizing  areas  are  presently  facing  the  same 
•lituation.  Most  of  tliese  arc  found  in  the  rapidly  expanding 
boston-!;ew  York-Wa:;hington  Megalopolis  Area. 
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TABLE  Q-iO 


EROBIOW  DAMA.GE  TO  UHBAJJ  LAJID 
NORTH  ATLAirnC  REGION 


Urban  Land  Subject  to  Erosion 


Subregion 

: Slight 

: Moi.lerate 

: Severe  : 

Annual 

anti  Area 

; Eutabiished 

: Recently 

: Undergoing  : 

Soil 

; Urban 

rDcveloned 

rConstr'u.ctioii: 

Lous 

(iOOO  Acres)  (1000  Tons) 


Subregion  A 




1 

33.8 

.8 

.4 

70.0 

2 

92.8 

.8 

.4 

169.2 

3 

95.4 

.4 

.2 

312.0 

85.4 

.4 

.2 

172.0 

5 

124.8 

.8 

.4 

428.4 

Subtotal  A 

432.2 

3.2 

1.6 

1151.6 

Subregion  B 

f ; 

138.4 

2.5 

1.1 

411.8 

7 

194.7 

54.8 

23.5 

1583 . 4 

8 

143.0 

80.5 

34.5 

1341.6 

9 

436.3 

57.2 

24.5 

2232.6 

10 

l40.0 

76.3 

32.7 

674.8 

Subtotal  B 

1052 . 4 

271.3 

116.3 

6244.2 

Subregion  C 

11 

129.7 

i.6 

.7 

521.4 

12 

370.6 

13.6 

5.8 

2613.0 

13 

485.0 

44.1 

18.9 

1534.4 

Subtotal  C 

985.3 

59.3 

25.4 

4668.8 

Subregion  D 

292.7 

108.7 

46.6 

2410.2 

15 

716.0 

58.1 

24.9 

6871.4 

16 

19^^.  5 

7.8 

3.7 

714.0 

Subtotal  D 

1201.2 

174 . 6 

75.2 

99‘y5.6 

Subregion  E 

17 

788.3 

66. 3 

28.4 

13757.1 

18 

75.0 

107.  I 

45.9 

2225.3 

Subtotal  E 

863.3 

173.4 

74.3 

15982 . 4 

Subregion  F 

19 

215.0 

110,6 

47.4 

5039.2 

20 

111.9 

2.9 

1.2 

1416,4 

21 

338.3 

5.4 

2.3 

5670.9 

Subtotal  F 

665.2 

118.9 

50.9 

12126.5 

REGION 

TOTAL 

5199.6 

800.7 

343.7 

50169.4 
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In  r.fverai  jjartj  of  Ai'ca  17  there  arc  extensive  coal  atrippin^;; 
operation;:  which  nave  iiif'her  aoii  iosa  ratea.  Although  the  actual 
ei'oaion  ratea  arc  high,  becauae  oi  a total  lack  of  cover,  the  amount 
of  sediment  which  reaches  a watercourse  is  somewhat  lower  than  v/ould 
be  expected.  Much  of  the  sediment  is  deposited  in  the  strijjping 
pits  or  is  filtered  out  by  good  vegetative  cover  conditions  on  the 
land  adjacent  to  stripping  spoiJ. 


Fifty  feet  of  overburden  is  being  removed  to  expose 
coal  seam  in  this  strip  mining  operation. 


A related  occurrence  is  sand  and  gravel  operations  which  are 
adjacent  to  a stream.  Erosion  occurs  on  the  raw  cut  faces  and  the 
sediment  then  has  direct  access  to  the  stre;un.  Washing  and 
screening  of  the  sand  and  gravel  also  adds  rruiterial  to  the  stream. 


Several  types  oi'  erosion  d.amage  are  more  evident  than  others 
when  actively  occurring.  These  include  streambank  erosion, 
siieet  and  gully  erosion  in  urban  and  highway  construction  areas, 
and  shoreline  erosion.  Ol’ten  the  scattered  nature  of  these  damages 
and  the  high  correction  cost  cause  them  to  go  untreated. 


Streambank  erosion  exists  on  about  10  percent  of  the  banks 
within  the  region.  There  are  approxirtuitely  ^,400  bank  miles  of 
major  erosion.  Average  aimual  erosion  damages  resulting  from  the 
land  loss  total  around  $^i3‘.^»000.  A breakdown  of  these  figures  by 
area  is  shown  in  Table  Q-li. 


Althoug^i  there  appears  to  be  a iai-ge  number  of  miles  of  stream 
bank  erosion,  much  of  it  is  scattered  throughout  the  various  areas 
and  is  not  continuous.  Lateral  streambank  cutting  is  generally 
less  than  one  foot  per  year  ol'  lower  value  Land,  resulting  in  only 
sm.all  land  area  losses. 


TABLE  Q-ii 


STREAMBAM  EROSION  PROBLEMS  AND  DAMAGES  (6)  (?) 
NORTH  ATLANTIC  REGION 


: Total  : Length  : Length  of  AVERAGE  ANNUAL  DAMAGE 


Subregion 

and 

Area 

: Channel 
: Length 
: ( St  ream 
:Mi les) 

:of 

:Erosion 
: (Bank 
:Miles) 

:Major 
: Erosion 
: (Bank 
:Miles) 

: Land 
:Loss 
:($1000) 

rSedimen- 

:tation 

.($1000) 

: Other 
:($1000) 

Subregion 

1 

A 

5,243 

121 

14 

3 

6 

1 

2 

6,167 

167 

23 

6 

21 

1 

3 

4,917 

175 

28 

7 

6 

1 

k 

2,805 

98 

18 

5 

3 

4 

5 

4,503 

157 

27 

7 

1 

1 

Total  A 

23,635 

718 

110 

28 

37 

8 

Subregion 

B 

3,279 

l46 

31 

6 

5 

5 

7 

‘+,392 

179 

44 

4 

13 

2 

8 

8,864 

498 

98 

8 

170 

9 

9 

3,965 

181 

46 

7 

31 

1 

10 

4,058 

195 

48 

7 

113 

1 

Total  B 

24,558 

1,199 

267 

32 

332 

18 

Subregion 

11 

C 

7,610 

830 

300 

125 

4o4 

267 

12 

12,510 

930 

320 

113 

258 

287 

13 

940 

80 

60 

4 

5 

2 

Total  C 

21,060 

l,84o 

680 

242 

667 

556 

Subregion 

D 

4,300 

550 

370 

23 

68 

131 

15 

12,080 

2,120 

680 

22 

35 

7 

16 

2,600 

160 

80 

2 

2 

0 

Total  D 

18,980 

2,830 

1,130 

47 

105 

138 

Subregion 

17 

E 

24,830 

5,550 

1,130 

37 

65 

3 

18 

5,300 

310 

180 

4 

5 

0 

Total  E 

30,130 

5,860 

1,310 

4l 

70 

3 

Subregion 

19 

F 

11,660 

1,630 

950 

46 

47 

4 

20 

4,820 

460 

360 

42 

16 

2 

21 

8,800 

990 

590 

57 

38 

2 

Total  F 

25,280 

3,080 

1,900 

145 

101 

8 

REGIONAL 

T0TAI£ 

143,643 

15,527 

5,397 

535 

1,312 

731 

Shoreline  erosion  to  some  degree  is  occurring  along  much  of 
the  8,^00  miles  of  coastline  in  the  NAR.(2)  Approximately  93^ 
miles  are  considered  critical.  Most  of  critical  erosion  occurs 
along  the  Atlantic  Ocean  shorelines  of  New  York  and  New  Jersey. 
Table  Q-12  gives  the  areas  and  amounts  of  shoreline  and  critical 
erosion. 

TABLE  Q-12 

SHORELINE  EROSION  PROBLEMS 
NORTH  ATLANTIC  RBOION 


Subregion  : Total  : stable  " Unstable 

and  Area  ; Shoreline  ; ; Noncritical  : Critical 

(Miles) 


Subregion  A 

1895 

5 

1900 

5 

- 

Subregion  B 

6ko 

2 

616 

22 

7 

10 

- 

9 

1 

9 

1380 

40 

1186 

154 

10 

270 

5 

24o 

25 

Subregion  C 

278 

13 

605 

- 

327 

Subregion  D 

48 

15 

299 

221 

30 

16 

U02 

179 

84 

139 

Subregion  E 

iS 

2099 

175 

1717 

207 

Subregion  E’ 

128 

19 

373 

23b 

10 

20 

3U2 

254 

b6 

32 

21 

160 

78 

46 

36 

REGION 

TOTAL 

8480 

1087 

6459 

934 

Damages  have  not  been  estimated.  Shoreline  recreational  oppor- 
tunities are  required  to  serve  the  needs  of  the  growing  population 
and  damage  to  the  beaches  reduces  the  area  available  for  ocean 
sports.  In  other  areas  individual  homeowners  are  experiencing  a 
loss  of  beach  and  gradual  encroaclunent  towards  their  homes. 
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Sediment 


All  subregions  are  considered  sediment  problem  areas.  In  this 
appendix,  sedimentation  yield  rates  are  considered  to  be  a measure 
of  the  sediment  problem.  Sediment  problems  of  various  degrees 
exist  throughout  the  region.  See  Table  . 

Overland  erosion  is  the  chief  sediment  contributor.  It  is  dif- 
ficult to  measure  the  quantity  of  sediment  from  sheet  erosion 
versus  channel  erosion.  The  proximity  of  the  sediment  producing 
area  to  the  water  course,  the  type  of  erosion,  and  effects  of  man's 
activities  on  the  erosion  process  are  factors  causing  various 
sediment  quantities  and  damages  at  different  locations.  Aesthetic 
values  and  diseconomies  from  point  of  origin  to  removal  are  diffi- 
cult, if  not  impossible,  to  measure.  Table  Q-13  indicates  the 
monetary  value  of  damages  from  sheet  and  channel  erosion. 

TABLE  Q-13 

MONEIAHY  D/diAGE  FROM  SEDIMEOT 
NORTH  ATLANTIC  REGION 


Sheet 

Erosion 

:Streambank 

Erosion: 

Estimated  Dollar 

Subregion 

Volume 
(1000  cu. 

rDoliars 
yd.): ($1000) 

: Length  : 
(Miles)  : 

Dollars : 

($1000): 

Sediment  Damage 
($1000) 

A 

458 

916 

718 

37 

953 

B 

1126 

2252 

1199 

332 

2584 

C 

1052 

2104 

1840 

667 

2771 

D 

2287 

4574 

2830 

105 

4679 

E 

4891 

9782 

9860 

70 

9852 

F 

REGION 

4202 

8404 

3080 

101 

8505 

TOTAL 

14016 

280  o2 

15927 

1312 

29:44 

FUTURE  CONDITIONS 

Land  use  in  the  NAR  changes  rapidly.  Crop  and  pastureiand 
areas  are  decreasing  and  by  2020  there  is  expected  to  be  less  than 
half  the  present  land  area  now  in  crops  and  pasture.  Forest  land 
areas  show  little  change,  decreasing  only  4 percent  by  2020.  Urban 
land  increases  about  I50  percent  by  2020  and  the  Other  lands  almost 
double  their  present  amount.  These  projections  are  based  upon 
historical  trends  as  shown  in  Appendix  G,  "Land  Use  and  Management". 

Projected  Erosion  Rates 

Land  use  changes  are  reflected  in  the  projected  erosion  rates 
shown  in  Table  Q-l4.  There  is  a steady  increase  in  the  rate  of 
erosion  to  I98O,  2000  and  2020  even  though  the  present  relationship 
between  the  amounts  of  land  adequately  treated  and  land  needing 
treatment  is  maintained  on  the  agricultural  lands.  This  increase 
is  due  to  the  land  use  shift  from  crop  and  pasture  to  urban  and 
other  land.  Urban  land  in  the  NAR  is  estimated  to  have  an  average 
erosion  rate  more  than  twice  the  average  rate  from  cropland. 
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TABLE  Q-iU 


t 

i-'OMl'AHiSOM  OF  FUTUBE  E5-.03I0U  HATES  OH  ALL  LA!®  WITH 
PRtSOT  AI®  ACCHLF^ATED  LAJ®  TREATMEOT 
NOOTii  ATLANTIC  KHUOH 


Subregion 
and  Area 

1 j<\) 

2000 

2020 

: Present: 
: Hate 

Acce] . 

L.T. 

:P>rcent  : 
: Reduction: 

Present: 
Rate  : 

Accel . 
L.T, 

: Percent  : 
: Reduction: 

Present: 
Rate  ; 

Accel. 

L.T. 

: Percent 
: Reduction 

Tons/Square  Mile/Year 

Subregion  A 

1 

173 

166 

4.0 

lt>4 

147 

4.5 

166 

160 

3.6 

2 

i.73 

173 

0.0 

173 

173 

0.0 

179 

179 

0.0 

3 

211 

211 

0.0 

218 

211 

3.2 

224 

224 

0.0 

It 

179 

179 

0.0 

173 

173 

0.0 

179 

173 

3.4 

5 

173 

166 

4.0 

173 

173 

0.0 

179 

173 

3.4 

Subaverage  A 

180 

178 

1.1 

177 

174 

1.7 

184 

l8l 

1.6 

Subrt't^.ion  B 




198 

L98 

0.0 

243 

218 

10.3 

307 

250 

18.6 

7 

627 

589 

6.-1 

768 

646 

15.9 

1043 

781 

25.1 

6 

4ol 

429 

6.9 

512 

448 

12.5 

614 

506 

17.6 

9 

851 

8O6 

5.3 

1050 

883 

15.9 

1402 

1050 

25.1 

10 

493 

461 

6.5 

557 

501 

10.1 

672 

582 

13.4 

Subaverage  B 

515 

485 

5.8 

604 

522 

13.6 

769 

609 

20.8 

Subregion  r 


11 

205 

203 

1.0 

256 

243 

5.1 

339 

326 

3.8 

11 

538 

525 

2.4 

557 

518 

7.0 

646 

582 

9.9 

13 

1254 

1210 

3.5 

1421 

1267 

10.8 

1504 

1299 

13.6 

Sabaver'i^e  C 

439 

429 

2.3 

482 

447 

7.3 

568 

499 

12.1 

Subregion  D 
it 

2086 

1894 

9.2 

2547 

2054 

19.4 

2982 

2259 

24.2 

15 

1574 

1485 

5.7 

1696 

1485 

12.4 

1875 

1555 

17.1 

16 

(X)8 

582 

4.3 

098 

608 

12.9 

832 

666 

20.0 

Subaverage  D 

1518 

1423 

fc.3 

1682 

1448 

13.9 

1890 

1535 

18.8 

Subrtyjon  E 


fc-.T:; 

1510 

l4i4 

6.4 

1638 

1370 

16.4 

1926 

1498 

22.2 

18 

1709 

1524 

10.8 

1907 

15O6 

21.0 

2227 

1586 

28.8 

Subaverage  E 

1552 

1438 

7.3 

1695 

1395 

17.7 

1989 

1517 

23.7 

Subri-ylor.  F 


19 

it>)4 

1512 

9.1 

1869 

I5tt8 

16.1 

2246 

1788 

20.4 

20 

1165 

1114 

4.4 

1152 

1021 

11.4 

1261 

1061 

15.9 

21 

1670 

1619 

3.1 

I096 

1504 

11.3 

2157 

1807 

16.2 

Subaverage  f 

1571 

1472 

6.3 

1674 

l44o 

14.0 

2028 

I658 

18.2 

RHilON  AVEHAOE 

959 

900 

6.2 

I04tj 

89(.> 

i4.3 

1237 

998 

19.3 
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Estimates  of  average  erosion  rates  during  the  transition  to  urban 
use,  while  the  soil  is  unprotected,  are  as  much  as  7^  times  greater 
than  the  rate  from  cropland.  Therefore,  urban  erosion  control  must 
play  an  important  role  in  water  resources  planning  for  the  NAB. 

Land  treatment  will  also  be  important.  Table  Q-lU  shows  the 
estimated  erosion  rates  for  the  NAB  with  an  accelerated  land  treat- 
ment program  on  agricultural  and  urban  lands.  Conservation  prin- 
ciples used  on  agricultural  lands  work  equally  as  well  on  urban 
fringe  lands.  Even  with  an  accelerated  land  treatment  program 
the  erosiori  rates  increase  in  the  time  frames  I98O,  2000,  and  2020 
but  to  a lesser  degree.  Table  Q-6  shows  the  effect  of  land  treat- 
ment on  the  probable  soil  loss.  The  estimated  erosion  rates  will 
be  reduced  an  average  of  I9.3  percent  throughout  the  Region  by  2020. 
The  reduction  rates  range  from  0.0  percent  in  Areas  2 and  3 to 
28.8  percent  in  Area  l8. 

Projected  Sediment  Yields 

Land  use  changes  and  land  treatment  affecting  erosion  rates 
will  result  in  different  sediment  yields.  Uses  and  maintenance  of 
watercourses  will  affect  erosion  and  sedimentation  from  stream- 
bariks . Without  accelerated  land  treatment,  higher  sediment  yields 
proportionate  to  man's  increased  activities  can  be  expected. 

TABLE  Q-15 


COMPARISON  OF  FUTURE  SEDIMET'TT  YIELDS  WITH 
PRESENT  AND  ACCELERATED  LAND  TREATMETJT 
NORTH  ATLANTIC  REGION 


Subregion^ 

I9B0 

: 

2000  : 

2020 

Present 

: Accelerated 

: Present 

: Accelerated; 

Present 

; Accelerated 

1000  cubic  yards/year 

A 

I489 

484 

481 

473 

500 

492 

B 

1337 

1259 

1568 

1355 

1996 

1581 

C 

1047 

1024 

1150 

1067 

1355 

1191 

D 

2383 

2234 

2640 

2273 

2967 

2410 

E 

4954 

4590 

5411 

4453 

6349 

4843 

F 

4464 

4182 

4756 

4091 

5762 

4711 

REGION 

TOTAL 

14674 

13773 

I60O6 

13712 

18929 

15228 

Problem  Areas 


The  projected  large  increase  in  urban  land  indicates  a major 
sediment  problem  can  be  anticipated.  Urban  lands  account  for 
about  30  percent  of  the  sediment  from  sheet  erosion.  This  per- 
centage will  increase  to  55  Ly  2020  with  present  levels  of  treat- 
ment . 
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Substantial  progress  has  been  made  in  combating  erosion  on  crop- 
land. Nearly  4o  percent  is  adequately  treated.  Although  cropland 
acreage  is  expected  to  decline,  farming  on  it  will  be  more  Intense. 

About  the  same  livestock  numbers  will  graze  on  fewer  pasture 
acres.  Trampled  watercourses  remain  a problem.  Forestry  protection 
and  rmanagement  programs  are  difficult  to  implement  on  small  owner- 
ship blocks.  Intensified  demands  for  outdoor  recreation  could 
result  in  overused  areas;  overused  areas  are  vulnerable  to  the  ero- 
sive forces.  Parks,  roads  and  trails,  utility  rights  of  way, 
landfills,  mining  areas,  rural  construction  sites,  and  lands  awaiting 
development  pose  as  sources  of  major  sedimentation  problems. 

Increased  peak  runoff  from  expanding  urban  areas,  changes  of 
stream  courses  brought  about  by  encroachment  and  obstructions, 
extended  bankfull  or  fluctuating  flows  brought  about  by  operation 
of  reservoirs,  and  wave  action  by  watercraft  may  create  streambank 
and  inland  shoreline  erosion  problems. 

Protective  barrier  islands  and  shores  are  subject  to  destruction 
by  development.  Shore  ownership  complicates  cooperative  beach  and 
shore  protection  efforts.  Competitive  desires  for  the  limited 
ocean  frontage  causes  unwise  use  and  development  of  Atlantic  Ocean 
beach  and  shores.  The  coastline  is  made  even  more  subject  to 
erosion , 


MEANS  TO  PROBLEM  SOLUTION 

Solutions  to  the  sediment  and  erosion  problems  fall  into  three 
categories.  Broad-based  planning  can  help  avoid  misuse  of  land 
unsuitable  for  cultivation  or  development.  Land  treatment  measures 
can  be  utilized  to  keep  the  soil  on  the  land.  Finally,  structural 
measures  can  be  used  to  modify  conditions  in  cases  where  major 
damage  areas  exist.  Combinations  of  these  three  general  erosion 
and  sedimentation  control  solutions  are  often  needed  and  used 
together. 

Broad-based  Resource  Planning 

In  order  to  effectively  carry  out  a program  of  reducing  erosion 
and  sedimentation,  broad -base  resource  plans  are  necessary  to 
control  growth  and  development  in  the  area.  Integrated  land  use 
planning  must  be  used  to  prevent  random  and  wasteful  development 
of  an  area.  This  planning  is  needed  on  both  regional  and  local 
levels.  It  should  place  emphasis  on  zoning  and  land  use  adjustments 
of  high  hazard  areas  which  produce  extensive  sediment  if  not 
properly  used. 

Shifting  unsuitable  cropla.nd  to  other  uses  is  necessary  for 
effective  erosion  and  sedimentation  reduction.  About  9-1  percent 
of  the  7.9  million  acres  not  suitable  for  cultivation  because  of 
the  erosion  hazard  and  another  1.3  million  acres  suitable  for  only 
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limited  cultivation  because  of  the  erosion  hazard  are  in  cropland. 
Converting  these  acreages  to  suitable  uses  should  be  a part  of 
plarmed  land  use  adjustments. 

Resource  plans  need  provisions  to  maintain,  or  improve,  pro- 
tective cover  on  6,8  million  acres  of  land  with  slopes  over  25 
percent,  in  steep  gradient  flood  plains,  and  on  strearabanks  and 
shorelines.  Where  exceptions  must  be  made,  strict  erosion  control 
measures  need  to  be  used.  Many  erosion  and  sedimentation  problems 
can  be  avoided  by  preventing  the  clearing  of  good  vegetative  cover. 

In  the  next  half  century,  from  3.2  to  8.8  million  acres  will 
shift  from  other  to  urban  land  uses.  From  the  standpoint  of  sedi- 
ment control,  planning  is  important  in  areas  of  urban  development. 

In  his  article  "Mopping  Up  on  the  Menace  of  Mud"  (22)  E.  Keil 
points  out  seven  requirements  necessary  for  curbing  erosion  during 
construction.  These  requirements  Include: 

1,  "Saving  natural  vegetation  wherever  possible, 

2,  Avoiding  unnecessary  disturbance  of  soil, 

3,  Early  Installation  of  permanent  storm  drains  and 
roads , 

4,  Planting  temporary  vegetation  on  divided  soils, 

5,  Installing  permanent  vegetation  speedily  after 
construction, 

6,  Construction  of  basins  to  trap  sediment  on  site, 

7,  Engineering  to  take  care  of  marked  Increases  in 
water  runoff  that  follows  development." 

Applied  as  part  of  regional  plans  this  can  be  an  effective  method 
of  reducing  erosion  and  sedimentation. 

Within  the  broad-based  plan,  subdivision  plans  are  needed  to 
help  determine  the  suitability  of  the  site  for  the  kind  of  develop- 
ment to  be  made  and  to  help  determine  the  adequacy  of  erosion 
control  practices  to  be  used  during  construction.  These  plans 
should  have  information  on  geography,  soil,  and  control  measures. 

Some  ordinances  have  provision  for  grading  and  removal  of 
earth,  time  limits  to  establish  vegetative  cover,  retention  of 
natural  vegetation,  surface  and  storm  drainage,  utility  design 
standards,  slope  limits,  and  erosion  and  sediment  control  meas- 
ures. Ordinances  dealing  with  erosion  and  sediment  control  enhance 
and  implement  resource  planning  and  development  in  areas  that  are 
to  be  urbanized. ( 17) 

Land  Treatment 

Land  treatment  generally  Includes  management  practices,  vegeta- 
tive and  cultural  practices,  and  mechanical  practices.  These  are 
general  groupings  of  the  various  measures  and  are  designed  to  reduce 
erosion.  In  many  cases  several  measures  can  be  used  in  combination 
with  one  another  for  more  effectiveness. 


Management  practices  play  an  important  role  in  ttie  reductioii  ol' 
erosion  and  sedimentation.  These  include  minimvun  tillage,  timely 
field  operations,  crop  residue  management,  adoption  of  deferred 
gracing,  proper  grazing  use,  timber  stand  improvement,  recreation 
and  wildlife  area  management  and  maintenance  operations.  All  of 
these  practices  minimize  the  overuse  of  the  land  while  at  the  same 
time  improve  tlie  condition  of  the  cover. 

Vegetative  and  cultural  practices  arc  effective  for  two  main 
I’easons.  They  protect  the  soil  from  the  impact  of  the  raindrops 
and  slow  dowii  runoff.  The  use  of  grasses,  either  by  themselves  or 
in  combination  with  row  crops,  is  an  important  erosion  control 
device.  Grass  and  trees  are  the  most  common  vegetative  coritrols 
used  on  nonfarm  areas.  Measures  which  can  help  solve  part  of  the 
problem  are:  conservation  cropping  system;;,  cover  cropping,  coiitour 
farming,  stripcropping,  and  planting  of  grasses,  legumes,  shrvibs, 
and  trees  on  critical  areas. 

Research  and  experience  show  that  slieet  erosion,  the  major  con- 
tributor to  erosioii  and  sediment  damage  in  the  NAH  can  be  reduced 
over  yo  percent  by  conventional  land  treatment  practices . (23) 
Results  ol'  studies  made  by  John  B.  Stall  indicate  that  by  u.;ing 
various  conservation  programs,  reservoir  sedimentation  can  be  re- 
duced as  much  as  73  percent;  suspended  sediment,  93  percent;  and 
river  turbidity,  89  percent. (24)  These  data  arc  confirmed  in  a 
summary  made  by  H,  0.  Ogrosky  regarding  the  influeijce  of  conserva- 
tion piractices  on  water  quality, (25) 

Mechnical  practices  are  designed  to  retard  erosion  by  reducing 
the  velocity  of  overland  flow  by  cutting  down  on  the  length  of  the 
slope.  Included  in  Uiis  group  are  diversions  and  terraces,  water- 
ways and  outlets,  and  small  grade  stabili  ation  structures.  These 
practices,  when  used  in  conjunction  with  the  above  mentioned  vege- 
tative practices,  can  be  extremely  effective  in  reducing  erosion. 

Structural  Measures 


Structural  measures  are  used  to  control  erosion  and  sedimenta- 
tion. These  structures  are  designed  and  used  to  protect  the  land 
from  I'urther  damage.  They  include  debris  basins,  channel  improve- 
ment, ripraj)ping  and  cribbing,  groins,  pilings  and  jetties,  and 
large  grade  stabilization  structures. 

Becau.'u  ol’  tlie  rapid  urbanization  in  tlie  WAR,  special  note  is 
rtuide  of  tiie  settiirig.  basin  technique  wtiicti  can  be  effectively  used 
to  trap  sediment  near  its  source.  The  functioji  of  the  settling 
basin  is  to  check  tiie  velocity  of  streamflow  and  thereby  cause  the  • 
deposition  of  the  sediment  load  being  carritd  by  the  stream. 

Debris  basil';;  are  forme-d  by  building  dam;;  across  stream  cliannels , 
across  chanricls,  and  flood  plains,  or  solely  on  flood  plains  ad- 
jacent to  channel  diversion  dams.  Settling  basins  are  usually 
placed  a siiori  di.stance  above  the  sediment  damage  area. 


Roadfi  Lis  required  for  other  purposes  often  rruiy  be  utilized  with 
settling  basins  at  siruill  additional  cost,  and  it  m.ay  be  desirable  to 
hold  back  sediment  from  a new  reservoir  while  a program  of  erosion 
control  on  the  watershed  is  being  developed.  The  feasibility  of 
settling  basins  should  not  be  overlooked. 

Coordination  of  Efforts 

The  rmagiiitude  of  the  erosion  and  sedimentation  problems  in  the  NAR 
substantiates  the  need  for  close  coordination  and  unification  of  agen- 
cies and  policies  dealing  with  these  problems.  On  the  federal  level, 
the  Water  Resources  Council  has  been  assigned  the  responsibility. 

States  should  provide  enabling  legislation  to  allow  the  formation 
of  local  public  districts  to  deal  with  sediment  problems,  either  alone 
or  in  conjunction  with  flooding  and  waste  removal.  Several  states 
have  recognized  erosion  and  sedimentation  problems  and  initiated  con- 
trol activities.  The  State  of  Maryland  has  recognized  sediment  as  a 
water  pollutant.  Steps  have  been  taken  to  document,  understand,  and 
control  sediment  problems  caused  by  urbanization  and  highway  construc- 
tion. Permits  are  issued  for  construction  activities,  and  injunctive 
procedures  are  used  to  halt  objectionable  construction  practices,  when 
excessive  sediment  is  being  produced.  States  can  also  provide  finan- 
cial and  technical  assistance  in  dealing  with  sediment  problems. 

There  is  little  uniformity  in  the  present  policy  dealing  with 
erosion  and  sediment  control  at  the  county  or  local  level.  There  is 
enabling  state  legislation  which  provides  authority  for  establishing 
conservation  districts,  drainage  and  flood  control  districts,  and  other 
special  purpose  districts.  Present  procedure  is  for  the  municipality 
or  county  to  organize  the  necessary  legal  entity,  where  necessary,  and 
then  to  proceed  with  the  construction  of  the  planned  control  or  protec- 
tive measures.  In  many  cases,  local  soil  and  water  conservation  dis- 
tricts utilize  technical  assistance  provided  by  the  Soil  Conservation 
Service  and  the  Forest  Service  in  the  design  and  construction  of  these 
control  measures. 

General  Benefits  and  Costs 

are  the  physical  changes  resulting  from  accelerated  erosion 
and  sedimentation  or  from  use  of  solutions.  Effects  determine  the  eco- 
nomic, social  and  environmental  daimiges  or  benefits.  Measurement  of 
the  effects  are  difficult  because  they  frequently  are  not  obvious  and 
become  evident  over  long  periods  of  time,  sources  are  intermixed,  dis- 
tance from  source  to  place  of  damage  make  cause-effect  relationships 
unclear,  and  solutions  or  controi  measures  often  have  multiple  effects. 

Evaluations 

Evaluations  are  complicated  by  the  wide  variety  of  interests  to 
which  benefits  nuiy  accrue.  Benefits  from  onsite  effects 
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commonly  accrue  to  the  Landowner,  developer  or  operator.  Benefits 
from  offsite  effects  accrue  to  persons  other  than  those  on  whose 
site  the  conservation  measure  is  taken.  The  difficulties  of  iden- 
tification and  quantification  of  effects  to  benefactors  and  the 
value  placed  on  the  effects  are  obstacles  to  acceptable  justifica- 
tions and  allocations. 

Placing  monetary  values  on  many  of  the  adverse  impacts  to 
society  and  the  environment  are  beyond  reach.  Disrupted  ecologies, 
visual  appearance  of  discolored  water,  turbidity,  accelerated 
eutrophication,  sedimentation  pollution,  scarred  landscapes  and 
other  environmental  quality  and  aesthetic  aspects  defy  commonly 
used  monetary  evaluations. 

Solutions  for  erosion  and  sedimentation  controls  are  active 
and  passive  devices.  Passive  devices-preventative  measures  and 
land  use  adjustments  - require  decisions  by  various  agencies  and 
organizations,  public  and  private.  Direct  and  indirect  costs  for 
passive  devices  vary  considerable  depending  upon  the  scope  and 
type  of  device  used.  Active  devices  - land  treatment  and  struc- 
tural measures  - can  be  more  readily  quantified.  Table  Q-l6 
gives  cost  of  active  devices  needed  to  control  erosion  and  sedi- 
mentation in  the  NAR. 

The  damages  resulting  from  erosion  and  sedimentation  are  more 
costly  than  land  treatment  measures  to  prevent  them.  It  costs 
from  25  cents  to  several  dollars  a cubic  yard  to  remove  sediment 
from  roads,  harbors,  streams  and  reservoirs.  Providing  new  stor- 
age capacity  may  cost  from  10  to  30  cents  a cubic  yard.  It  is 
often  cheaper  to  build  new  reservoirs  than  to  dredge  sediment  from 
existing  ones.  The  cost  of  holding  a cubic  yard  of  soil  on  the 
land  by  land  treatment  measures  may  be  many  times  less. i( 20) 

Land  treatment  measures  in  the  RAR  are  responsible  for  the 
retention  of  an  estimated  14.7  million  tons  of  soil  on  6.2 
million  acres  of  cropland  each  year.  An  estimated  equivalent 
monetary  value  is  $2.35  per  acre  per  year.  This  value  indicates 
the  savings  to  farmers  due  only  to  retention  of  topsoil.  In 
addition,  it  is  estimated  that  7.5  percent  of  the  14.7  million 
tons  or  1.4  million  cubic  yards  would  have  produced  downstream 
sediment  damages.  These  damages  are  estimated  to  equal  45  cents 
per  acre  of  cropland.  Therefore,  the  total  annual  monetary  bene- 
fit due  to  soil  conservation  practices  on  cropland  in  the  NAR 
is  $2.80  per  acre,  based  on  the  estimated  erosion  and  sedimenta- 
tion rates  and  the  monetary  values  presented  in  this  Appendix. 

Use  of  control  measures  on  urban  land  has  Just  begun.  Devel- 
opers, first  forced  by  ordinances  to  control  soil  erosion  and 
sedimentation,  have  discovered  preventative  and  land  treatment 
measures  result  in  lowered  construction  coats  and  higher  priced 
lots.  Communities  are  realizing  a savings  in  capital  Investments 
and  maintenance  costs. 


TABLE  Q - 16 
COST  OF  DEVICES 
NOBTH  ATLAirriC  REGION 


Con 

servation  : 

Streambank  : Beach 

& Shoreline 

Land 

Treatment  : 

Erosion  Control  ; 

Protection 

Subregion 

Area 

: Cost  : 

Bank 

: Cost  : 

Shore 

: Cost 

and  Area 

: One 

Ave. : 

:Ave. 

One  : 

:Ave. : 

One 

1000 

:Time 

Ann. : 

:Ann. 

Time: 

:Ann. : 

Time 

Acres 

: $ Million  : 

Mile 

: $ Million: 

Mile 

: $ Million 

Subregion  A 

124 

1 

8.7 

1.3 

14 

*06 

1.0 

- 

- 

- 

2 

43 

2.7 

.4 

23 

.09 

1.5 

- 

- 

- 

3 

53 

4.0 

.8 

28 

.11 

1.9 

- 

- 

- 

1+ 

39 

3.0 

.5 

18 

.07 

1.2 

- 

- 

- 

5 

30 

2.9 

.2 

27 

.10 

1.8 

1895 

206 

3752 

Subtotal  A 

289 

21.3 

3.2 

110 

.43 

7.4 

1895 

206 

3752 

Subregion  B 

231 

30.0 

2.7 

31 

.11 

1.9 

638 

68 

1238 

7 

563 

84.1 

5.7 

44 

.18 

3.2 

10 

1 

20 

8 

972 

135.4 

12.7 

98 

.31 

5.5 

- 

- 

- 

9 

778 

119.8 

7.9 

46 

.24 

4.4 

1340 

130 

2370 

10 

700 

104.2 

6.9 

48 

.05 

.9 

265 

23 

420 

Subtotal  B 

3244 

473.5 

35.9 

267 

.89 

15.9 

2253 

222 

4o48 

Subregion  C 

536 

11 

50.7 

10.9 

300 

1.00 

18.1 

- 

- 

- 

12 

921 

87.3 

15.6 

320 

.82 

14.8 

- 

- 

- 

13 

330 

44.1 

3.0 

60 

.06 

1.2 

605 

21 

389 

Subtotal  C 

1787 

182.1 

29.5 

680 

1.88 

34.1 

605 

21 

389 

Subregion  D 
14 

714 

106.2 

7.3 

370 

.56 

10.1 

15 

2350 

210.8 

29.2 

680 

1.11 

20.1 

78 

6 

115 

16 

213 

30.9 

2.1 

80 

.16 

2.9 

223 

10 

183 

Subtotal  D 

3277 

347.9 

38.6 

1130 

1.83 

33.1 

301 

16 

298 

Subregion  E 

410.9 

17 

4192 

66.6 

1130 

1.67 

30.1 

- 

- 

- 

18 

1891 

228.3 

22.4 

180 

.90 

16.2 

1924 

k6 

843 

Subtotal  E 

6083 

639.2 

89.0 

1310 

2.57 

46.3 

1924 

46 

843 

Subregion  F 

2882 

19 

306.2 

52.8 

950 

2.07 

37.2 

245 

6 

107 

20 

662 

66.5 

13.0 

360 

.68 

12.3 

88 

3 

53 

21 

1176 

130.9 

22.8 

590 

1.05 

18.9 

82 

7 

130 

Subtotal  F 

4720 

503.6 

68.6 

1900 

3.80 

68.4 

4i5 

16 

290 

REGIONAL 

TOTAL 

19400 

2168 

285 

3397 

11 

205 

7393 

527 

9620 

NOTE:  Price  Base  1970. 

Initial  cost  amortized  at  project  life  plus  Operation  & 

Maintenance. 
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Management  practices  to  improve  forage  production  has  improved 
protective  grass  cover.  Sound  silviculture  prevents  accelerated 
erosion.  Energetic  forces  of  the  raindrop  are  broKen  by  the 
foliage  of  trees,  shrubs  and  other  vegetation.  Ground  litter  and 
humus  absorb  and  hold  moisture  allowing  it  to  percolate  slowly 
through  the  soil  profile  to  ground  storage.  The  3-5  million  acres 
of  grass  and  16,3  million  acres  of  forest  on  land  sub.ject  to  ero- 
sion prevent  erosion  rates  from  exceeding  allowable  soil  losses. 
Additional  measures  on  43  percent  would  further  reduce  these  losses. 

Streambank  erosion  control  measures  are  often  applied  to 
reaches  of  a few  hundred  feet  in  length.  About  2^  miles  of  reach 
have  been  protected  with  some  federal  assistance.  Perhaps  as  much 
as  another  75  miles  have  had  some  protective  measures  applied. 
Although  generally  not  of  a serious  nature,  there  are  specific 
cases  where  streambank  erosion  is  serious  and  even  disastrous  for 
a particular  landowner  or  group  of  landowners.  Offsite  effects 
must  be  included  especially  in  environmental  considerations. 

Shoreline  erosion  control  measures  provide  beneficial  effects 
on  beaches,  recreational  and  resort  areas,  developed  properties, 
and  undeveloped  island  and  mainland  coasts.  Both  public  and  pri- 
vate ownerships  are  the  beneficiaries.  In  addition  to  vegetative 
and  structural  measures  installed  by  these  beneficiaries,  about  30 
miles  of  coastline  has  had  federally  assisted  structural  measures 
installed. 

An  estimated  85  percent  of  the  Region's  population  lives  within 
25  miles  of  the  Atlantic  Ocean  and  Bays.  The  trend  is  for  even 
larger  portions  of  the  population  to  locate  near  the  ocean.  Prudent 
coastal  resource  use  becomes  more  crucial. 

Formulation  toward  Ob.iectlve 

Erosion  Hazard  Soils.  Land  capabilities  are  categorized  into 
(l)  unit,  (2)  subclass,  and  (3)  class.  The  risks  of  soil  damage 
or  limitation  in  their  use  become  progressively  greater  from  class 
I to  class  VIII.  The  land  capability  subclass  is  a grouping  of 
units  having  similar  kinds  of  limitations  or  hazards.  Subclass  "e" 
identifies  soils  on  which  susceptibility  to  erosion  is  the  dominant 
problem  or  hazard.  Land  uses  by  capability  subclass  "e"  as  shown 
in  Table  Q-  17  were  obtained  by  updated  Conservation  Needs  Inven- 
tory (26)  printout.  There  are  32.4  million  acres  subject  to 
erosion  in  the  NAR, 

Soil  used  within  its  capability  on  which  the  conservation  prac- 
tices that  are  essential  to  its  protection  and  improvement  have 
been  applied  are  considered  adequately  treated.  The  acres  of  soil 
subject  to  erosion  that  are  adequately  treated,  practices,  and 
costs  are  shown  in  Appendix  G. 
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TABLE  Q-17 


DEE  OF  SOIL  WITH  EROSION  iiAZARD  l/ 
NORTH  ATLANTIC  REGION 


Subregion  : 

and  Area  : 

Crop 
1 and 

Grass-  ; 
land  ; 

Forest 

: Other 
: Land 

: Urban 

: Total 

tl  ft 

: e 

: Soils  1/ 

1000 

Acres 

Subregion  A 

1 

104 

3 

297 

4 

- 

408 

2 

53 

9 

67 

7 

- 

136 

3 

104 

19 

73 

2 

- 

198 

4 

52 

5 

62 

10 

- 

129 

5 

60 

3 

194 

5 

31 

293 

Subtotal  A 

373 

39 

693 

28 

31 

1164 

Subregion  B 

86 

l4 

168 

50 

19 

337 

7 

73 

9 

65 

31 

17 

195 

8 

254 

103 

252 

59 

8 

676 

9 

4l 

10 

73 

28 

16 

168 

10 

103 

34 

122 

56 

18 

333 

Subtotal  B 

557 

170 

680 

224 

78 

1709 

Subregion  C 

11 

540 

245 

245 

73 

- 

1103 

12 

804 

333 

1467 

302 

58 

2964 

13 

15 

2 

45 

20 

3 

85 

Subtotal  C 

1359 

580 

1757 

395 

61 

4152 

Subregion  D 

14 

142 

17 

100 

65 

27 

351 

15 

1206 

231 

846 

316 

10 

2609 

l6 

68 

6 

63 

8 

- 

145 

Subtotal  D 

l4l6 

254 

1009 

389 

37 

3105 

Subregion  E 

17 

3185 

930 

4002 

831 

- 

8948 

18 

753 

124 

513 

144 

- 

1534 

Subtotal  E 

3938 

1054 

4515 

975 

- 

10482 

Subregion  F 

19 

1364 

775 

3165 

376 

- 

5680 

20 

321 

257 

1512 

103 

- 

2193 

21 

439 

382 

2932 

130 

- 

3883 

Subtotal  F 

2124 

l4l4 

7609 

609 

- 

11756 

REGION  TOTAL 

3511 

16263 

2620 

207 

32368 

soils  subjprt  to  erosion  by  wind  or  water. 
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Erosion  Hazard  banks  and  Shores.  Streambanks  and  shorelines 
that  are  erodine  are  further  categorized  as  major  and  critical 
erosion  respectively.  Degree  of  erodiblllty  as  obtained  from  the 
assessment  of  streambank  erosion  (7  & 8)  and  the  shoreline  study 
(2)  are  shown  in  Tables  Q-11  and  Q-12. 

National  Efficiency  (NE).  Planned  land  use  is  tlie  adjustment 
of  Class  Vie  cropland  to  pasture  or  forest  and  the  preservation 
of  Class  VTe  and  above  in  pasture  and  forest.  Accelerated  land 
treatment  shown  on  page  Q-l4  is  applied  to  cropland  subject  to 
erosion  and  to  all  urbanizing  land  (land  changing  from  other  uses 
to  urban  use) . Two  percent  by  I98O  and  9 percent  by  each  of  the 
subsequent  time  frame  years  of  the  major  streambank  and  critical 
shoreline  would  be  treated. 

Regional  Development  (RD).  Planned  land  use  is  the  adjustment 
of  Class  IVe  and  above  cropland  to  a land  use  with  permanent  vege- 
tative cover  and  the  preservation  of  Class  Vie  and  above  pasture 
and  forest.  Adequate  land  treatment  would  be  applied  on  crop, 
pasture,  and  other  land  subject  to  erosion,  logging  and  skid 
trails  in  forests,  and  all  urbanizing  land.  Five  percent  by  I98O 
and  10  percent  by  each  of  the  subsequent  time  frame  years  of  major 
streambank  and  critical  shoreline  would  be  treated. 

Environmental  Quality  (EQ).  Planned  use  and  treatment  quan- 
tities are  those  described  under  RD.  Planned  use  and  treatment 
will  be  specifically  oriented  toward  the  development  of  a high 
visual  quality  and  eniiancement  of  the  environment.  Half  the  stream- 
baiik  erosion  problems  would  be  overcome;  10  percent  by  1980»  another 
20  percent  by  2000,  and  the  remaining  20  percent  by  2020.  Half 
tiie  beaciies  would  be  protected  by  I98O,  otiier  half  the  beaches 
and  10  percent  of  the  critical  siioreline  by  2000,  and  20  percent 
of  critical  shoreline  will  be  treated  by  2020. 


' NEEDED  RESEARCH 

Researcii  needs,  data  collection  and  policy  for  the  recognition 
and  control  of  erosion  and  sedimentation  in  tiie  MAR  include; 

1.  More  water  quality  measuring  installations  and  water  qual- 
ity records,  especially  sediment  loads  of  streams,  are 
needed.  These  data  should  be  collected  on  a wide  range 

of  drainage  areas. 

2.  Continuing  and  expanded  study  of  the  detacliment  and  move- 
ment of  soil  particles  by  raindrop  splash  and  flowing  water, 
surface  sealing  and  related  phenomena  that  result  in  de- 
creased infiltration,  water  intake  and  movement  through  soil 
during  freezing  and  thaw  periods,  the  role  of  plant  cover 
and  crop  residues  in  reducing  erosion,  and  the  development 
of  concepts  relating  erosion  to  topographic,  climatic  and 
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soil  factors.  Improved  factors  for  use  in  soil  loss  pre- 
diction equations  need  to  be  developed. 

3.  More  information  is  needed  on  rates  of  sediment  deposition 
in  reservoirs  and  water  detention  structures,  on  flood 
plains,  and  in  harbors  and  estuaries. 

U.  Procedures  must  be  developed  for  identifying  critical  ero- 
sion and  sediment  source  areas  and  predicting  yields  from 
these  areas. 

5.  Improved  criteria  are  needed  for  the  engineering  design  of 
sediment  traps,  debris  basins,  and  channel  stabilization 
structures . 

6.  Improved  plant  materials  need  to  be  developed  for  roadside, 
bank,  beach  stabilization  and  acid  soli  areas. 

7.  Erosion  control  practices  for  farm  use  must  be  developed 
that  are  compatible  with  modern  farming  methods. 

8.  Efficient  and  feasible  erosion  control  practices  must  be 
developed  for  use  in  urban  and  suburban  developments  that 
are  compatible  with  efficient  construction  practices. 

9.  Effective  procedures  to  implement  erosion  control  plans  and 
practices  need  to  be  developed.  Particular  reference  should 
be  given  to  levels  of  government  which  handle  land  use 
regulations . 

10.  Clear  policies  on  land  use,  management  and  use  of  flood 
plains  and  shorelines,  and  on  erosion  and  sedimentation 
control  need  to  be  developed  nationally  and  by  river  basins. 

CONCLUSIONS 

Increased  populations  require  facilities  in  which  to  live,  work, 
and  play.  The  production  of  food  and  fiber  and  construction  of 
required  facilities  will  nearly  double  in  the  NAB  in  the  next  half 
century.  Erosion  and  sedimentation  problems  will  continue  to  in- 
crease In  the  NAH.  The  average  annual  rate  is  expected  to  increase 
from  917  to  1237  tons  per  square  mile  per  year  by  2020. 

Land  use  adjustments  could  reduce  erosion  rates  and  sediment 
yields  by  I3  percent.  Measures  need  to  be  taken  to  preserve  pro- 
tective cover  on  high  hazard  areas.  Hesource  plans  are  necessary 
to  bring  about  land  use  adjustments  and  keep  desirable  land  uses. 

If  the  conservation  land  treatment  program  is  accelerated, 
erosion  and  sedimentation  yields  will  still  increase,  but  at  a 
slower  rate.  The  average  annual  erosion  rate  is  expected  to  be 
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9^3  tons  per  square  niile  by  2020,  with  an  accelerated  land  treatment 
pro^^ram  which  includes  treatment  of  urban  and  industrial  sites  as 
well  as  an  increase  in  the  acreage  of  agricultural  land  treated. 

Structural  measures  reduce  erosion  and  sedimentation  problems 
at  higii  damage  areas.  High  costs,  cost -benefit  relationship, 
and/or  limited  number  of  onsite  beneficiaries  frequently  mai^e 
structural  measure  installations  prohibitive. 

Raising  the  levels  (amounts)  of  land  treatment  is  difficult 
for  several  reasons: 

(1)  Mutual  interests  of  the  itidivldual  land  user  and  society 
are  generally  not  recognized.  Onsite  benefits  and  offsite 
benefits  are  measured  independently  of  one  another.  The 
farmer’s  decision  is  based  upon  increased  income  from  the 
eroding  land.  Society's  decision  is  based  on  sediment 
reduction  in  and  adjacent  to  the  streams.  Wlien  mutual 
interests  are  measured  together,  conservation  measures 
can  often  be  easily  justified. 

(2)  Interests  of  t!ie  individual  land  user  and  society  do  not 
always  coincide.  Maximum  profit  to  the  speculator  that 
has  stripped  the  development  site  causes  society  to 
suffer  the  sediment  pollution  and  sedimentation,  tut, 
society  doesn't  pay  the  speculator  for  cleaner  water 
resulting  from  conservation  measures.  Laws,  ordinances, 
and  refutation  are  needed  to  protect  society's  interest. 

(3)  People  are  unaware  of  the  problem.  The  cottage  owner 
fails  to  recognize  eutrophication  in  his  lake  is  accel- 
erated by  erosion  from  the  distant  construction  site  on 
whicii  he  works.  People  must  be  helped  to  perceive  tiieir 
environment  and  consequences  on  their  welfare. 

(U)  People  continually  change  the  use  of  land.  Farmlands  are 
arc  becoming  suburbs.  Logging  areas  are  becoming  retreat 
camps  and  home  sites.  New  conservation  measures  are  re- 
quired on  new  land  uses.  These  measures  are  not  always 
immediately  applied. 

(^)  Resource  user  may  fail  to  apply  practices  because  of 
short  or  uncertain  land  tenure.  The  farmer  is  not  in- 
clined to  maintain  land  productivity  knowing  a new  Idgh- 
way  and  industrial  park  are  to  be  constructed  witliin  the 
next  few  years, 

(6)  People  sometimes  lack  the  knowledge  to  apply  conservation 
measures.  Technical  assistance  needs  to  be  made  avail- 
able. 
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(Y)  People  eotnetime;;  Lack  I'inaneial  reaources  to  make  sound 
.investments.  Cost-sliaring  and  credit  need  to  be  made 
available. 

Erosion  control  and  sediment  reduction  need  to  be  viewed  as 
an  integral  part  of  a comprehensive  conservation  effort.  Land 
required  for  production  of  food  and  fiber  are  based  upon  a continu- 
ing high  rate  of  adojjtion  of  technology  and  the  proper  use  of  land. 
Efficient  and  attractive  place  to  work  and  live  require  discrete 
land  use  adjustments  and  conservation  measures.  Landscapes  need 
to  provide  pleasing  visual  appearances.  Unique  areas  and  deli- 
cate ecological  systems  must  be  protected.  Importance  of  tVie 
conservation  effect  upon  the  welfare  needs  to  be  understood. 

Future  comprehensive  river  basin  studies  should  include  more 
detailed  erosion  and  sedimentation  studies  in  Subregions  D,  E, 
and  F.  These  Subregions  are  major  contributors  to  the  erosion 
and  sedimentation  problems  of  the  Region.  Areas  15,  17,  l8,  19, 
ani  21  are  the  more  serious  sedimentation  problem  areas.  These 
Areas  account  for  approximately  70  percent  of  the  total  annual 
sediment  yield  in  the  MR. 

Man  can  control  the  accelerated  erosion  caused  by  his  activ- 
ities, He  has  the  technical  ability.  But  erosion  rates  are 
increasing!  Forty  years  ago,  conservation  efforts  proved  effec- 
tive; the  individual  landowner  was  the  chief  beneficiary.  Wow, 
a complex  society  desirous  of  a high  quality  environment  would 
be  the  chief  beneficiary.  Communities,  regions,  states,  and  a 
nation  need  to  set  objectives  as  related  to  natural  resources. 
Clearly  defined  policy  statements,  legislation,  regulation,  pro- 
grams, and  procedures  are  needed  to  implement  tec’nnical  solutions 
for  reaching  objectives.  People  need  to  take  decisive  action  to 
control  erosion  and  reduce  sediment. 
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IV  - SUBREGIONAL  SUMMARIES 


SUBREGION  A (Areas  1,  2,  3,  4,  and  5) 
I^and  Erosion 


Existine  Conditions 

This  northernmost  Subregion  of  the  NAR  }ias  the  lowest  erosion 
rates  of  the  entire  Region,  averaging  only  170  tons  per  square  mile 
per  year.  Arjiuai  rates  from  individual  Areas  range  from  l^iL  totis 
per  square  m-i  le  in  Area  L to  l80  tons  per  square  mile  in  Area  3- 

The  coils  of  the  Subregion  have  an  average  erodibility  factor 
of  0.2^  which  is  equal  to  tiie  average  for  the  Region.  Tiie  topog- 
raptiy  is  gentle  to  steep,  Tiie  maximum  2-year,  30-minute  rainfall 
is  the  lowest  in  the  Region,  averaging  0.7  inches.  The  greatest 
influences  on  tiie  low  erosion  rates  in  the  Subregion  are  the  land 
use  and  cover  conditions.  Forest  lands  comprise  89.5  percent  of 
the  total  land  area.  Tiie  land  use  next  in  order  of  rruagnitude  is 
cropland  wiiich  comprises  5-7  per'^ent  of  the  total  land  area. 
Generally,  tiie  cropland  in  Subregion  A contributes  little  to  tiie 
total  erosion  figure.  Crop  rotations  consisting  of  several  years 
of  iiay  provide  excellent  cover  conditions.  Tiiis  is  true  throughout 
the  Subregion  witii  tiie  exception  of  Area  1,  Tiie  cropland  in  Area  1 
is  used  more  intensively  and  lias  a composite  crop  rotation  that 
consists  of  two  years  of  row  crops,  a year  of  small  grain,  and 
two  years  oi'  hay.  Tiiis  type  oi'  rotation  recults  in  ten  times  tiie 
erosioti  caused  by  the  rotations  in  the  remainder  ol'  the  Areas, 
Pasture,  urban  and  otiier  have  a combined  total  ol'  only  4.8  percent 
of  the  total  land  area  in  the  Subregion.  Tiierofore,  erosion  from 
these  land  uses  iias  little  effect  on  tiie  average  erosion  rates. 

Subr'-gion  A also  iias  tiie  lowest  sedimentation  rates  in  tiie 
Region.  Tiie  annual  sediment  yield  ranges  from  12  to  l4  tons  from 
eacti  square  mile  of  land  area  wittiin  the  Subregion. 

Aiuiual  erosion  and  sedimentation  damages  are  estimated  to  be 
$53i,mx)  and  $918,000  respectively.  About  70  percent  of  the 
erosloii  damage  occurs  in  Area  1.  Areas  1 and  2 each  contribute 
close  to  25  percent  of  tiie  sediment  damages. 

Predicted  I'.ates 


The  jiro.jected  land  use  patterns  will  not  ciiange  as  rapidly  in 
Subregion  A as  tliey  arc  ciianging  in  the  otlier  Subi-egions.  Conse- 
quently, tiie  erosion  rates  are  more  stable  . Tlie  only  noticeable 
ciiange  is  from  'lop  and  pasture  to  other  land  use.  The  fact  tiiat 
forest  land  remains  tiie  major  land  use,  almost  90  pc-rcent  of  tiie 
total  land  area,  is  tiie  main  reason  for  tiie  sligiit  increases  in  tire 
erosion  rates  by  2020.  It  I'ollows  tiiat  accolerai.ed  land  treatment 
will  iiave  little  or  iio  effect  on  tlio  erosion  rates  for  tiie  Areas  in 
tiiis  Subregion, 
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Sedimentation  rates  will  change  very  little.  The  average  annual 
sediment  yield  is  expected  to  be  I3  tons  per  square  mile  of  land 
area  in  Subregion  A by  2020, 

Problem  Areas 


Generally,  none  of  the  Areas  in  Subregion  A are  considered 
erosion  problem  areas  because  the  erosion  rates  from  the  cropland 
are  well  below  the  allowable  soil  loss.  Sedimentation  problems 
are  also  relatively  minor.  The  entire  Subregion  contributes  only 
3 percent  of  the  total  volume  of  sediment  from  the  Region, 

Streambank  and  Shoreline  Erosion 


Of  the  approximately  23,635  miles  of  stream  channel  in  this 
subregion,  718  miles  have  eroding  banks.  However,  only  110  bank 
miles  are  considered  to  have  major  erosion  problems.  Total  aver- 
age annual  damage  from  land  loss,  sedimentation,  and  other  sources 
is  $73,000  which  is  the  lowest  of  the  subregions  in  the  NAR. 

Area  5 is  the  only  area  in  this  subregion  which  contains  coastal 
shoreline.  Of  the  1,900  miles  of  shoreline,  5 niiles  are  con- 
sidered stable  and  the  remaining  1,895  miles  have  noncritical 
erosion.  This  is  primarily  due  to  the  rocky  nature  of  the  coast- 
line which  retards  erosion. 
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Major  bank  eronion  exists  on  lU  miles  of  the  ^,2  thousand 
miles  of  streams  and  rivers  in  the  Area.  An  estimated 
10,800  acres  of  buffer  strips  would  prevent  i^ank  overfall 
and  filter  sediment,  Streambank  erosion  control  Includes 
clearlry?  and  sna^^j/ln#?,  riprap,  ciiannel  liniriK,  drop 
spillways  and  vegetated  banks. 
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Major  bank  erosion  exists  on  23  miles  of  the  6,2  thousand 
miles  of  streams  and  rivers  In  th*-  Area.  An  estimated 
L',700  acr'^'S  of  buffer  strips  would  prevent  bank  overfall 
and  filter  sediment.  .’tr*ambarJi  erosion  control  includes 
clearing  and  snagging,  riprap,  'diannel  lining,  drop  spill- 
ways and  vegetated  banks. 
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Ma.^or  bank  *»ro:*lon  exists  on  28  mil^s  of  the  ii.9  thousand 
miJes  of  streams  and  rivers  in  the  Area.  An  estimated 
10,200  acres  of  buffer  scrips  would  prevent  bar.k  overfai'. 
and  filter  sedimen' . T.^reaml-ank  erosion  'ontrol  includes 
clcarinf^  and  sna^gin^,  riprap,  channel  linirv,  drop  spill- 
ways and  vegetated  barJes, 


EROSION  CONTROL  DEMANI.’O  USED  IK  PLAN  FORMUUTION 
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EROSION  CONTROL  DEMANr.'f  USED  IN  PLA.V  FTiRKULATl: 


Land  Treatment  for  Erosion  Control  :St reamba:.!' 

Conservation  Land  Treatment  Installation: Erosi on  Cont.ro 

Crop- : Past- : Forest : Other : Urban: Total : InitialT:  AveT  Treat  - : Initial 
land  :ure  ; : : : : Cost  :Arin.:mer.t  : Cost 

1000  A^. ; I Mi!:i  >n  : Milr-  ; -Mil. 


Planned 

Land  Use 

: Tine 

lYe-  : Adjust 

r Frame 

; served 

: fear 

1000  Ac. 

3UB^?i;iON  A - AKl-^  5 

Fnision  Ip  Lh»-  dominant  soil  liazArd 
on  8t  of  vhp  Ar^*a'fi  3-'^  million  a<^r**p. 

An  estlnat#?d  2'^-  of  th»*  sediment  f*omf*c 
from  thppp  293,000  a<T»^s.  Tlie  10^  n>w 
''rc'p;-  of  th#»  21'^,^VX)  a<r'r#‘S  of  cn.>platid» 
and  U af'r*-r  of  ron.struj'tlon  ar*="ap 
ar»-  particularly  vulm-rablr  to  fnu-.lon. 

land  UP#*  adjustments  ar#*  needed  on 
7,000  acres  (rates  exceeding?  twice 
the  allowable  soil  loss).  Present 
protective  cover  needs  to  be  main- 
*alned  on  '^,000  acres  to  prevent  excessl 
erosion.  Another  t*l  ,000  acres  need 
adequate  treatment  for  erf>slon 
control . 

''onr.er-/atlon  treatment  Includes: 
diversion.'' , strlpcroppln^?, 
cover  croppln*^,  n>ad.:lde 
stabilization,  egtabl  isliment 
and  re-establisJunent  of  grass,  ^ 

trees,  and  shmib::,  settling  ” 

and  debrl:-  basin:.,  grade  con-  o 

*rol  structure;  , and  wildlife 
hablrat  and  development  and  o 

pre;;**r'.'atlon. 


fleilwn^  Vol'ime  by  .'lource 


I w 


Major  ba:\K  ertjslon  ‘ xists  on 
. miles  of  th#‘  U.‘  thousand 
mllej;  . f ••reams  and  rivers  in 
the  Area.  An  estinut^ed  O,**’’-' 
ar  re:-  nf  buff*  r s*  rips  w uld 
prey»-nt  bank  cverfall  arid  f11»“ 
ne'Umen'  , ''.r*  Hmbank  er 

■ui.trc»l  ifK-ludep  '•]f-t,|-ir4<  and 
snagglrjg,  riprap,  enannel  Hn- 
In#.',  drop  spillways  and  veg- 
e*atetl  bar^r. . 


Cropland 


r.  "■'  0 


c ' 


"J  c 

f 

' r>  I "> 

O ^ c r 


Pres  Pres  Accel  Pres  Accel  pres  Accel 


l^ve'x  of  1966  19AO  ?00( 

Land  Treatment 

Historical  Trend  Land  Use  Projections 


iO 

l illa  ' 'C'  ^ Slight 
?lbject  <v^r  or  no 


P C c ^ o ^ ' 


Tr  Use  Tr.  Use  Tr.  Use  Tr. 


None  of  the  I900  mile  shorefront  is  critically  unstable  due 
to  the  rocky  and  nvtsslve  ledge  geological  structure.  A few 
small  beach  areas  need  prxjtection  using  sand  fill  and  revetments 
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EROSION  CONTROL  DEMAND?  USED  IN  PLAN  FORMULATION  __ 
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N'  T:  The  values  :;h*>wn  in  the  tab]**  ar#  incremental.  Price  Bn:ie  2970. 

• Initial  cost  >im»'»*tl/efi  at  U-l/y^  proj»-ct  life  plus  Operat  ion  A M#»intei\ance, 
*•  N'egllglbl#  enuiion  or  stable. 


SimRBGION  B (Areas  6,  Y,  8,  9,  and  lO) 


Land  Erosion 


Existing  Conditions 

The  average  annual  gross  erosion  rate  for  this  Subregion  is 
1^37  tons  per  square  mile.  Area  9 has  the  highest  annual  rate, 

Y62  tons  per  square  mile.  The  lowest  rate,  192  tons  per  square 
mile  per  year,  is  found  in  Area  6. 

The  soils  in  Subregion  B are  generally  less  erodible  than  in 
the  otlier  Subregions.  The  average  soil  erodibility  factor  is  0,17. 
The  topography  is  gentle  to  steep  but  generally  averages  3 to  8 
percent  higher  than  Subregion  A.  The  maximum  2-year,  30-minute 
rainfall  ranges  from  0.7  inches  in  the  extreme  northern  portion 
of  the  Subregion  to  1,1  inches  in  the  southern  portion  and  aver- 
ages 0,9  inches.  Subregion  B contains  a high  percentage  of  forest 
land,  about  74.6  percent.  Several  large  metropolitan  areas  result 
in  urban  lands  being  the  second  largest  land  use  at  8,0  percent. 
Next  is  cropland,  7.4  percent;  other,  6,4  percent;  and  pasture  3.6 
percent.  Crop  rotations  are  generally  more  intensive  in  Subregion 
B than  they  are  in  Subregion  A.  A conqDOsite  rotation  in  Area  9 ic 
three  years  of  row  crops,  probably  corn  silage  or  potatoes,  fol- 
lowed by  seven  years  of  hay. 

Average  annual  sedimentation  rates  vary  from  l4  to  57  tons  per 
square  mile.  The  average  for  the  Subregion  is  estimated  to  be  32 
tons  per  square  mile  annually. 

Annual  erosion  damages  are  estimated  to  be  $1,380,000  and 
sediment  damages  $2,250,000.  Area  8 accounts  for  about  62  percent 
of  the  total  erosion  damage  or  nearly  $856,000.  Most  of  the 
remaining  erosion  damage  occurs  in  Area  9»  $285,000  and  Area  10, 
$204,000.  Area  8 also  suffers  the  greatest  amount  of  sediment 
damage , 

Predicted  Kates 


Subregion  B is  undergoing  rapid  land  use  changes.  Forest  lands 
and  other  lands  are  expected  to  remain  relatively  stable.  Crop- 
land, pasture,  and  urban  lands  will  experience  major  changes. 
Cropland  will  decrease  from  7.4  to  1.0  percent  of  the  total  land 
area,  and  pasture  will  decrease  from  3.6  to  0.5  percent  of  the 
total  land  area  by  2020,  Conversely,  urban  land  will  increase 
from  8.0  to  22.1  percent  by  2020.  This  substantial  increase  in 
urban  land  use  is  largely  responsible  for  the  increase  in  the 
average  annual  erosion  rate  from  437  tons  per  square  mile  to  769 
tons  per  square  mile. 

An  accelerated  land  treatment  progreim  would  have  a noticeable 
effect  on  the  erosion  rates  in  this  Subregion,  The  annual  erosion 
rate  in  2020,  with  accelerated  land  treatment,  is  expected  to  be 


609  touG  per  aquurc  mile.  Tliis  a reduction  of  20.8  percent. 

The  erosion  reciuction  due  to  accelerated  land  treatment  for  1980 
\ and  2000  will  be  5.6  and  13.*+  percent. 

Average  annual  sedimentation  rates  for  I98O,  2000,  and  2020 
are  expected  to  be  39*  and  98  tons  per  square  mile  of  land 

area.  Area  9 has  the  highest  individual  sedimentation  rate  yield- 
ing 105  tons  per  square  mile  per  year,  on  the  average,  by  2020. 

Problem  Areas 

None  of  the  Areas  in  Subregion  B are  considered  erosion  problem 
areas  in  this  Appendix.  Area  9>  however,  does  have  a relatively 
high  rate  of  erosion  from  its  cropland.  The  cropland  erosion 
rate  is  2.57  tons  per  acre  per  year,  very  close  to  the  allowable 
of  3-0  tons. 

Subregion  B contributes  approximately  8 percent  of  the  total 
volume  of  sediment  from  the  Region.  Area  8 yields  the  largest 
individual  volume  of  389,000  cubic  yards  annually. 

Streajnbank  and  Shoreline  Erosion 

This  subregion  has  24,558  miles  of  stream  channel,  of  which 
267  bank  miles  are  experiencing  major  erosion  problems.  Damages 
total  $382,000  annually  and  are  mainly  from  downstream  sedimen- 
tation. 

All  of  the  areas  in  this  subregion  touch  the  coastline,  with 
Area  8 having  so  little  that  it  is  not  counted.  The  2,300  miles 
of  shoreline  have  only  47  miles  which  are  stable.  Of  the  remain- 
ing 2,253  miles,  202  miles  are  considered  critical  and  need 
treatment . 
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KROSION  CONTROL  DEMAND^:  USED  IN  PLA!(  FORMULATION 

Plann»*  1 : Land  Trefttment  for  Fio°lon  Control  :P*reartbank  :Sh..  rellne 
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EPOSION  CONTROL  DPIAIIDF  USED  IN  PLAN  FORMULATION 

: Land  Treatment  for  Erosion  Control  St reambank  : Pho re ; 1 ne 

: Conservation  Land  Treatment  Installation ; Erosion  Control ;1 r.tect ion 

t ;Crop-  : Past- : Forest : Other : Urban : Total : Initial  •- Ave^  Treat  - : Ir.i  ? lal : Trent  - : Initial 
:land  :ure  : : : : : Cost  :Ann.:ment  : Cost  : mer.t  ; Cost 

t Mi  . 


SUahHllON  B - AREA  7 
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:>iiment  Vol-xmc  by  ”r.urc‘* 


Erosion  Is  the  domimnt  soil  hazard 
on  'hf  of  the  Area's  ^.1  million  acres. 
An  estimated  22^  of  the  sedim»*nt  comes 
from  these  19^, ^^00  a-Tes.  Tlie  ICVt 
row  crops  of  the  168,000  acres  of 
cropland,  23,000  acres  of  construction 
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to  be  maintained  on  ,u<.X?  acres 
to  prevent  excessive  erosion. 
Another  85,000  acres  need  adequat 
treatment  for  erorion  control. 


Pres  Pres  A*ce:  Prer  nccel  pres  Acc 

Level  of  198O  2000 

Land  Treatment 

Historical  Trend  Land  Use  Projec* ; .ns 


Conrervation  treatment  includes: 


9,,  ' ■ a'  r"S  of  buffer  .'itrlps 
would  pr*'vent  bank  ov»  rfal.- 
and  filter  sediment.  :'treajn- 
bank  slon  control  includes 
''learing  and  snagging,  riprap, 
'uaniiel  lining,  drop  spillways 
arc  vegetated  banks. 


'^oiictttl  e)ianges  have  be»>n  minimized  by  ;e*,t7  rtrui  tur-s. 
'''nlv  . of  the  1C  mil'-  unstable  shorelin*-  is  '-Inssed  as 
'•rltieiil.  .'and  fill  is  ne‘<j#-d  t,o  reiil*  ni:;h  ’he  bea^h.-s. 
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SUBKHJION  B 


- AREA  8 

Frosion  is  the  dominant  soil  hazard 
on  \Ctt  of  the  Area's  7.0  million  acres. 
An  estimated  3?*^  of  the  sediment  comes 
from  these  ^:?6,000  acres.  Tlie  20^.  row 
crops  of  the  5981OOO  acres  of  cropland, 
3‘  ,000  acres  of  construction  ar^^as,  and 
3,400  acres  of  critical  erosion  area;’ 
ar*'  particulai'lv  vulnerable  to  erosion. 

land  use  adjustments  ore  needed  on 
72,000  acres  (rates  exceeding  twice 
the  allowable  soil  loss).  Present 
protective  cover  needs  to  be  main~ 

*ained  on  70,000  acres  to  prevent 
excessive  erosion.  Another  152,000 
acres  need  adequate  treatment  for 
erosion  control. 

Conservation  treatment  includes: 
diversions,  striporopplng, 
cover  cropping,  roadside 
stabilization,  estab.lisluae.nt 
and  re-establis;unent  of  grass,  'la 

trees,  and  shrubs,  settling  and  u 

debris  basins,  grade  control 
structures,  and  wildlife  habitat 
and  developmen’.  and  preser'/ation. 
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Major  bank  f-roslon  exists  on  98  miles  of  8.9  thou:'and  milcr 
of ‘Streams'  and  rivers  in  the  Ar*'a.  An  estimated  l8,900  a res 
of  buffer  strips  would  prevent  bank  ov^-rfall  and  ftlrer  sedimer.  . 
Streambank  erosion  control  include:-,  ' 1 •^aring^  ."nd  sna.ving,  riprap, 
channel  lining,  drop  spillways  and  vegetated  bank:-. 


KROSION  CONTROL  DEMANDS  USED  IN  PLATi  FORMULATT  '.N 
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SUBRmiON  P - APfc/i  9 

Frosion  1;:  thr  dominant  soil  hazard 
oh  6^'  of  the  Area'"  2.6  million  arr^'S. 
An  f-i-^imated  22^  of  the  sediment,  romes 
fi\>m  these  168,000  acres,  Tlie  30^-  row 
crx'*pn  of  the  lU'  ,000  a<*res  of  ciopland, 
.■’'^,000  acres  of  construction  areas,  and 
■?00  acrt's  of  crltl--al  en)slon  areas  are 
particularly  vulnerable  to  erosion, 

land  use  ad.^ur.tments  are  needed  on 
2,000  acres  (rates  exceeding  twice 
the  allowable  soil  loss).  Present 
protective  cover  needs  to  be  main- 
tained on  1,000  acres  to  prevent 
excessive  erosion.  Another  ^2,000 
acres  need  adequate  tn-atment  for 
erosion  control . 


fonservation  treatment  Includes 
diversions,  stripcropping, 
cover  cropping,  roadside 
stabilization,  establlsliment 
and  re-establislanent  of  grass, 
trees,  and  shrubs,  settling 
and  debris  basinr,  grade  con- 
trol structures,  and  wildlife 
habitat  and  development  and 
preservation. 

Ma.^or  bank  ‘-roslon  exists  on 
miles  of  the  U.O  thousand 
miles  of  streams  and  rivers 
in  the  Area.  An  estimated 
8,U0^  acr»  G of  buffer 
strips  would  prevent  bank 
overfall  and  filter  sediment, 
/treambank  erosion  con* rol 
includes  clearing  and  snagg- 
ii.g,  riprap,  channel  ‘lining, 
drop  -Spillways  and  vegetated 
barJes . 


Land  Treatment 

Historical  Trend  Land  Use  Projections 
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The  shoreline  ranges  from  unconsolidated  glacial  materials 
susceptible*  to  rapid  movement  by  storms  to  the  cliff  areas 
in  excess  of  100  feet  above  sea  level.  About  11^?  of  the 
1300  miles  of  shoreline  need  critical  erosion  protection. 
Forty  miles  are  considered  stable.  Protective  measures 
include  stone  revetment,  seawalls^ sand  fill  and  sand  fencing. 


EROSION  CONTROL  LEMANDf  USED  IN  PLAN  FORMULATION 
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SUBREGION  C (Areas  11,  12,  and  13) 

Land  Erosion 

Existing  Conditions 

The  inherent  erodibility  of  the  soils  in  Subregion  C is  slightly 
below  the  average  for  the  Region.  The  topography  is  nearly  level  to 
steep.  The  average  maximum  2-year,  30-minute  rainfall  is  0.9  inches, 
about  the  same  as  Subregion  B.  Forest  land  accounts  for  60.6  per- 
cent of  the  total  land  area  in  Subregion  C.  Cropland  comprises 
15.6  percent;  pasture,  9-9  percent;  other,  7.*+  percent;  and  urban, 

6.5  percent.  Area  I3  has  some  extreme  conditions.  About  52  per- 
cent of  this  Area  is  urban  and  only  3*+-3  percent  is  forested.  In 
Area  I3  only  6 percent  of  the  total  land  area  is  cropland;  but 
this  cropland  is  the  most  intensively  farmed  in  the  entire  Region. 

A composite  crop  rotation  is  three  years  of  potatoes,  one  year  of 
small  grain,  one  year  of  hay,  and  then  potatoes  again. 

Owing  to  the  large  amount  of  urbanization  and  intensive  agri- 
culture, Area  I3  has  a high  erosion  rate  of  1,2U2  tons  per  square 
mile  per  year.  The  rates  from  Areas  11  and  12  are  relatively  low 
so  the  average  annual  rate  for  the  Subregion  is  only  445  tons  per 
•square  mile. 

The  average  annual  sedimentation  rate  for  the  Subregion  is  33 
tons  per  square  mile.  Area  I3  is  high  with  an  annual  rate  of  93 
tons  per  square  mile.  Area  11  is  low  with  an  annual  rate  of  15 
tons  per  square  mile. 

Annual  erosion  damages  are  estimated  at  $2,070,000,  85  percent 
of  which  occur  in  Area  12.  Area  12  also  contributes  most  of  the 
sediment  damages  in  the  Subregion,  The  total  estimated  sediment 
damages  are  $2,100,000.  Area  12  incurs  $1,310,000  of  these  dEimages. 

Predicted  Rates 


The  average  annual  erosion  rate  for  the  Subregion  is  expected 
to  increase  to  568  tons  per  square  mile  by  2020.  A shil't  in  land 
use  from  cropland  to  forest  actually  causes  a decline  in  the  annual 
erosion  rate  by  I980,  to  439  tons  per  square  mile.  By  2000,  how- 
ever, the  influence  of  urbanization  is  expected  to  cause  an  increase 
to  482  tons  per  square  mile  per  year. 

Land  treatment  will  not  have  too  great  an  effect  on  the  soil 
loss  in  Subregion  C,  Erosion  may  be  reduced  only  10  percent  to 
511  tons  per  square  mile  per  year  by  2020  with  an  accelerated  land 
treatment  program.  * 

The  average  sedimentation  rate  is  expected  to  increase  to  42 
tons  per  square  mile  per  year  by  2020.  Area  I3  will  increase  its 
annual  yield  to  113  tons  per  square  mile. 
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Problem  Areas 


The  cropland  in  Area  13  is  a problem  area  in  soil  erosion. 

The  erosion  rate  from  the  untreated  cropland  is  3-01  tons  per  acre 
per  year,  slightly  greater  than  the  Regional  average  allowable 
soil  loss. 

The  total  volume  of  sediment  delivered  by  Subregion  C is 
1,052,000  cubic  yards  per  year  or  about  7-5  percent  of  the  total 
annual  volume  from  the  Kegion.  Area  12  delivers  more  than  60 
percent  of  the  sediment  from  the  Subregion;  however,  it  consti- 
tutes about  50.3  percent  of  the  Subregion  drainage  area, 

StreambarA  atid  Shoreline  Erosion 

There  are  21,0o0  miles  of  stream  c'nannel  in  this  Subregion. 

Area  I3  (Long  Island),  has  a very  small  percent  of  the  total  mile- 
age and  damages.  The  68O  bariK  miles  of  critical  erosion  result 
in  a total  annual  damage  of  about  $1.4  million.  This  is  the 
largest  damage  area  in  the  Basin.  Sedimentation  damage  and  loss 
of  buildings,  utilities,  fences,  etc.,  account  for  most  of  the 
damage . 

Shoreline  erosion  occurs  only  in  Area  13  and  is  considered  some 
j of  the  most  serious  in  the  entire  North  Atlantic  coastline.  The 

' 6O5  miles  of  shoreline  is  all  considered  unstable  and  of  this  2?8 

miles  are  classified  as  being  in  a critical  condition. 
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Krorlon  is  th»-  ‘loinlria;;^  soil  :.a7-artl 
■ ’n  of  th»  An-a'e  1.1  million  a<*res. 
An  ♦‘.'•tima^f'l  of  the  soriimfut  ''omfs 
fr'Jin  the^tr  8*  ,000  acn-^  . The  ♦•<>?  n.^w 
cn.>ps  of  the  aeres  of  cropland, 

19,000  a*re’5  of  construction  areas, 
and  a<  res  of  ''rltiral  erosion 
ar*a:'  are  j^rtlcularly  vulnerable 
te  erosion. 

Land  use  adjustments  ar»-  needed 
on  1,000  acres  (rates  exceeding? 
twice  the  allowable  soil  loss). 

Present  protective  cover  needs 
to  be  maintained  on  ,’,oqo  acres 
to  prevent  excessive  erosion. 

Another  ?0,000  acres  need  adequate 
treatment  for  erosion  control. 

Conserv-atlon  treatment  Includes: 
diversions , rtrlp^'roppln^., 
vover  ‘ropplnf:,  r«»adslde 
S'  abilivation,  es'  ablir.liment 
and  re-establislonent  of  grass, 
trees,  and  shrubs,  jrettllng 
and  debris  ba:;ins,  grade  con- 
trol 5* ructure.*^ , and  wildlife 
habl’a'  and  deveP'pment  and 
preser'-ution. 

Major  bank  en.-aion  exists  on 
• miles  of  ’■.'.e  miles  of 
vvr»ar.s  and  rivers  in  the  Area. 

An  estimated  .',?00  acres  of  buffer 
^*rlps  would  prevent  bank  overfall 
ar.d  filter  :.ediraen*.  I’treumbaiJt 
♦•IT’S ion  eontnd  includes  clearing 
and  :;naggirig,  riprap,  cl.annel  lin- 
irig.  Jrop  spillways  and  vegetated 
hank:^ . 
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The  shoreline  is  very  diversified  ran^'ing  from  low  tidal  marshes 
sandy  recreational  beaches,  marina  coves,  to  bluffs  lb(^  feet 
above  Sea  level.  ?Jon»*  of  the  miles  of  shoreline  is  con- 
sidered .stable.  Nearly  half  of  it  is  critically  unstable. 
Control  measures  include  vegetative  practlires,  groinr.,  Je'ties 
and  sand  fill. 


LHOSION  CONTROL  DEMA.NU:-  UT>EI)  IN  PLAN  PORMiruATION 


Planned 

Land  Treatment  for 

Erosion 

Control 

iStreanbank 

.She reline 

Land 

Use 

Conservation  Land  Treatment 

Installation : Eros Ion 

Control 

: Protect  ion 

f .*••••  1 vre 

Time 

: Pre- 

Adjust 

Crop 

-.'Past- .’Forest  .’Other; 

Urban  .’Total 

Initial ;Avef 

Treat- : 

Initial : 

Treat- 

Initial 

Frame 

laerved 

land 

: ure  : : 

Cost  :Ann. 

ment  : 

Cost  : 

ment 

Cost 

Year 

: loco 

Ac. 

1000  Ac . 

• Million 

: Mile  : 

• Mil.: 

Mllp 

: MU. 

Adeqja*<».y 

t reate  1 r 

fcaa  1 1 *e 

1966 

t'.  • rea* 

2 

lU 

38  6 

31*8 

OOh 

860 

_ 

NATIONAL  EFFICIENCY 

1980 

- 

1 

- - - 

hi 

hU 

' .h 

1 

.1 

< 

3.9 

cooo 

- 

- 

- 

- 

9? 

92 

1>*.2  .9 

3 

.1 

lU 

0,0 

2020 

- 

- 

- 

- - _ 

Ul 

Ul 

■ .3  .h 

3 

.1 

lU 

9.0 

w.C!  NAL  Dr/!;:/ pmf.t: 

1980 

1 

1 

?8 

107 

138 

17.'')  1.2 

3 

.1 

lU 

9.0 

2000 

- 

- 

- 

28 

11‘) 

1U3 

18.7  1.3 

f. 

.1 

28 

18.0 

2020 

- 

- 

_ 

- 

81 

;1 

7.9  .8 

{■ 

.1 

28 

18.0 

ENViRCNKKJr.AL  QUALITY 

1980 

1 

1 

28 

107 

iVi 

17.''  1.2 

.1 

100.^ 

2000 

- 

- 

- 

28 

US 

l'<3 

18.7  l.'l 

12 

•5 

188 

119.0 

20?0 

* 

- 

- 

- 

81 

M 

7.9 

12 

.2 

86 

36.0 

rrilT;  The 

value:; 

Mfjown  in  the  table 

are  Ineremental . Pr 

<‘c  Ras» 

• 1070. 

* Initial  eor 

t 'Unortized  at 

'■-1/W.  project  life  plus 

Operation  A- 

Mnlntenancf*. 

Negligible  eroalon  or  stabW 


Q-00 


aUBHEGION  D (Areas  iU , 1^,  and  16) 
Land  Erosion 


Existing  Conditions 


Tne  soils  in  this  Subregion  have  an  average  soil  erodibility 
factor  when  compared  with  the  other  Subregions.  Tlie  factor  for 
these  soils  is  0.2^.  The  topography  is  generally  gentle  to  mod- 
erate with  the  exception  of  some  of  the  forested  areas  of  Area 
15  which  are  steep.  The  average  maximum  2-year,  30-minute  rain- 
fall is  about  1.1  inches.  Land  use  has  the  greatest  influence 
on  the  erosion  rates  in  this  Subregion.  Subregion  D has  the  high- 
est percentage  of  urbari  land  with  13.4  percent.  It  has  the  second 
highest  percentage  of  cropland  with  20.8  percent.  Conversely, 
t)ie  forest  land  use  is  the  lowest  in  the  Kegion,  49.8  percent. 
Other  lands  and  pasture  have  11.2  and  4.8  percent  respectively. 

The  agricultural  land  in  Subregion  D is  tVie  most  intensively 
farmed  in  the  Region.  A composite  crop  rotation  is  two  years  of 
corn  silage,  a year  of  small  grain,  and  then  three  or  four  years 
of  hay;  or,  in  the  case  of  Area  It,  three  years  of  corn,  a year 
of  small  grain,  and  only  two  years  of  hay. 

The  average  annual  erosion  rate  for  Subregion  D is  1,459  tons 
per  square  mile.  The  rates  from  the  Areas  within  the  Subregion 
range  from  o85  tons  per  square  mile  iri  Area  l6  to  l,t45  tons  per 
square  mile  in  Area  l4,  the  highest  rate  in  the  entire  Region. 

Sedimentation  rates  for  Areas  l4,  15,  a.nd  16  are  123,  117. 
ar.d  51  tons  per  square  mile  per  year,  averaging  I09  tons  of  sedi- 
ment annually  from  each  square  mile  of  land  area  within  the 
Subregion. 

'^rosion  damages  are  estimated  at  $9,850,000  in  Subregion  D, 
about  85  percent  of  which  occur  in  Area  15 . Sediment  damages  ii. 
the  Subregion  are  approximately  $4,470,000  annually.  A.'-ea  I5 
receives  79  percent  of  these  damages,  about  $3,600,000  every 
V t a r . 


Predicted  Rates 


Subregion  D is  the  most  rapidly  cJianging  in  the  Region  as  far 
as  the  land  use  is  concerned.  By  2020,  over  29  percent  of  the 
total  land  area  will  be  urbaii  and  only  0.7  percent  will  be  crop- 
land. Area  l4  will  have  over  75  percent  of  its  land  area  in  urban 
development.  This  rapid  urbanization  will  have  a tremendous  ef- 
fect on  the  erosion  rates  in  the  lYiture.  In  Area  l4  the  predicted 
erosion  rate  will  increase  about  82  percent  to  2,982  tons  per 
square  mile  per  year  by  2020.  The  increase  will  not  be  as  great 
in  Areas  15  and  I6. 
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An  ai-cclerated  land  treatment  program  will  Viave  a considerable 
effect  on  the  erosion  rates,  in  Area  l4  the  rate  of  erosion  still 
increases  but  at  a slower  rate.  The  annual  erosion  rate  will  be 
2,2^9  t otis  per  square  mile  in  Area  l4  by  2020,  an  increase  of  37 
percent.  Artjas  15  and  16  show  a decrease  in  the  erosion  rate  by 
1980  and  then  steady  increases  to  2020.  However,  neither  of  these 
two  Areas  is  ever  expected  to  return  to  the  present  rate  of  erosion. 
This  can  I'C  attributed  to  the  large  total  area  of  urban  land  and  a 
reductioi;  iii  the  total  acreage  of  cropland.  Accelerated  land  treat- 
ment can  reduce  erosion  as  much  as  I8.8  percent  in  Subregion  D by 
2020.  The  greatest  effect  will  be  felt  in  Area  l4  where  erosion 
rates  can  i>e  reduced  24.2  percent. 

Sedimentation  lates  will  increase  to  142  tons  per  square  mile 
per  year  ty  2020  in  Subregion  D,  an  increase  of  30  percent.  Tiie 
greatest  increase  is  82  percent  in  Area  l4. 

JVobiem  Areas 

Area.s  l4,  I5,  and  16  all  have  erosion  problem  areas.  Tiie  ero- 
siorj  rate."  from  the  cropland  in  these  areas  all  exceed  tne  ailow- 
ai  Ic  soil  loss.  Ar-ea  15  tias  the  most  severe  problem  with  an 
ai.nual  rat<'  of  5-<-'4  tons  per  acre  from  its  cropland. 

Sui  ri'i'ion  D contributes  about  1(.)  percent  of  tlic  total  sediment 
I'r-om  t:iL  tegion.  Trie  major  portion  of  this  sediment  comes  from 
A rea  15 . 

Jti-e'-.m:  Bi.i.  at.d  SlioreJir.e  L’rosiorr 

I'iifj-i  are  ai  ou1  I8.98O  miles  of  .••.trir.am  (’hat.ncls  in  Sui  reg.ioi.  D. 

I)]' rox : mrit'  J , I.I30  t rink  miles  have  ma.ior  erosion  problem;-  and 
'■ent  ! i I .,!  ■ to  t..e  0.000  ai.nual  damagi  r . As  would  be  1 xpi-etcd 

;n  an  -ire'-  witii  more  urian  land,  a .cut  rd.aiii  ial  par-t  of  tills  damage 
is.  due  I 0 nousc  ;-.  rorids , ai.d  utilities  l.eing  damaged. 

Tiie  u- v;  .It  r’se,,  .-(la.itline  is  anotlii-r  a ' i -i  exper-icncing  numerous 
‘•rii  ii  hl  i-rosion  ( i-'blems.  In  tills  .j.inr-'  , iei;  !■  ')  miles  of  tiie  .0! 
mill:  of  .Uior'e  1 i r.e  consider-ed  to  . i-  'ritji-'-il  and  in  r.eed  of 

' ■ I .'ii.ner  . .’lost  el'  tiiis  is  along  tire  i.-.'.t  -u.-i.-'t  of  New  .hu.  ,:y. 
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Fror-lon  is  tlu  flomitiant  soil  harar^i 
on  33^  of  thf>  Area *5  8,0  million 
acres.  An  estimated  69^'  of  th** 
sediment  comes  from  these  ?,6 
million  acres,  Tlie  35*^  row  crops 
of  the  1,8  million  acres  of  crop- 
land, 25>000  acres  of  construction 
areas,  and  2U,000  acres  of  critical 
erosion  areas  are  particularly 
vulnerable  to  erosion. 

lAnd  use  adjustments  are  needed 
on  233 >000  acres  (rates  exceeding 
twice  the  allowable  soil  loss). 
Present  protective  cover  needs 
to  be  maintained  on  26U,000  acres, 
to  prevent  excessive  eix>sion. 
Another  9^6,000  acres  need  adequate 
treatment  for  erosion  control. 

Conservation  treatment  Includes: 
diversions,  stripcropping, 
cover  cropping,  roadside 
stabilization,  establ isiunent 
and  re-es’^ablisiunent  of  grass, 
trees,  and  shrubs,  settling 
and  debris  basins,  grade  con- 
trol structures,  and  wildlife 
habitat  and  development  and 
preservation. 

Major  barA  erosion  exists  on 
tt60  miles  of  the  12. 1 thousand 
miles  of  streams  and  rivers  in 
the  Area.  An  estimated  29,800 
acres  of  buffer  strips  would 
prevent  bank  overfall  and  filter 
sediment.  Ctreambank  erosion 
control  Includes  clearlrig  and 
snagging,  ripraj.,  channel  lin- 
ing, drop  spillways  and  vegetated 
banks. 


Land  Treatment 


Most  of  the  area  is  not  on  the  open  ocean,  'fhe  bay  shoreline 
erosion  is  normally  a gradual  process  with  soil  being  r'liK’Vcd 
by  the  dally  action  of  the  littoral  forces.  Thirty  miles  of  the 
299  miles  of  shoreline  arc  critically  unstable,  .’horellm-  im- 
provements include  beach  fill,  groins,  sand  fences  and  dune 
grass  plantings. 


EROSION  CONTROL  DEKAJ^DS  USED  IN  PLAN  FORMUUTION 


Planned 

Land  Treatment  for  Erosion  Control  :Streambank 

: Shoreline 

Land  Use 

Conservation  Land  Treatment  Installation :Eroslon 

Control 

: Protect  ion 

J’bjective  : Time 
: Frame 
: Year 

;Fh*e-  : Adjust 
.•served : 

1000  Ac. 

Crop- : Past-  : Fores t : Other : Urban :Total : Initial : Ave^J  Treat-  : 
land  ;ure  ; ; : : Cost  :Ann.:nent  : 

1000  Ac.  : $ Million  : Mile  : 

Initial : 
Cost  : 
$ Mil.: 

Treat- : Initial 
ment  : Cost 
Mile  : t Mil. 

Adequately 
treated  or 
not 

feasible 

tc  treat  19^6  ^^0 

U6U 

120 

595 

226 

799 

2204 

9960 

221  * 

* 

NATIONAL  EFFICIENCY  .... 

1980 

94 

281. 

_ 

- 

56 

340 

22.6 

5.3 

14 

.4 

1 

l.h 

2000 

- 

19*. 

_ 

236 

430 

46.1 

5.6 

34 

1.0 

2 

^.0 

2020 

- 

>*5 

- 

- 

- 

337 

382 

54.4 

4.1 

34 

1.0 

2 

io 

RF.OTONAL  DEVELOPMEIfT  . _ , .... 

1980  26U 

233 

371* 

63 

3 

274 

I4l 

855 

60.5 

12.2 

34 

1.0 

2 

3.0 

2000 

- 

255 

1.2 

3 

274 

295 

869 

75.5 

10.8 

68 

2.0 

3 

li.U 

2020 

- 

U5 

7 

2 

150 

422 

626 

74.7 

6.2 

68 

2.0 

3 

u.u 

envircnkental  quality 

1980 

233 

37I. 

63 

3 

274 

l4l 

855 

60.5 

12.2 

68 

2.0 

42 

h2.1. 

2000 

255 

1*2 

4 

274 

295 

870 

75.6 

10.8 

136 

U.O 

45 

66.5 

2020 

- 

U5 

7 

1 

150 

422 

625 

74.7 

6.2 

136 

u.o 

6 

NC)TK:  The  values  shown  in  the  table  are  incremental . Price  Base  1970. 

• Initial  coot  amortized  at  ^-1/^.  project  life  plus  Operation  & Maintenance. 
**  Negligible  erosion  or  stable. 


SUBRRilON  D . AREA  l6 

Erosion  Is  the  iomlnant  soil  hazard 
on  lot-  of  the  Area's  l.U  million  acres. 
An  estimated  of  the  sediment  comes 
from  these  lU5,000  acres.  The 
row  crops  of  the  212,000  acres  of 
cropland,  U,000  acres  of  construction 
areas,  and  200  acres  of  critical 
erosion  areas  are  particularly 
vulnerable  to  erosion. 

land  use  adjustments  are  needed  on 

5.000  acres  (rates  exceeding  twice 
the  allowable  soil  loss).  Present 
protective  cover  needs  to  be 
maintained  on  12,000  acres  to 
prevent  excessive  erosion.  Another 

27.000  acres  need  adequate  treat- 
ment for  erosion  control. 

Conservation  treatment  includes; 
diversion,  stripcropping, 
cover  cropping,  roadside  ^ 

stabilization,  establishment  « 

and  re-establishment  of  grass,  ^ 

trees,  and  shrubs,  settling  ^ 

and  debris  basins,  grade  con-  g 

trol  structures,  and  wildlife  ^ 

habitat  and  develojxnent  ^ 

and  preservation.  ^ 

4< 

Major  bank  erosion  exists  on  D 

00  miles  of  the  2.6  thousand  >o 

miles  of  streams  and  rivers  % 

in  the  Area.  An  estimated 
5,700  acres  of  buffer  strips 
would  prevent  bank  overfall 
end  filter  sediment.  Stream- 
bank  erosion  control  includes 
clearing  and  snagging,  riprap, 
channel  lining,  drop  spillways 
and  v#»getated  banks. 


ledlmcnt  Volume  by  Source 


Cropland 


Pres  Pres  Accel  Pres  Accel  Pres  Accel 
Level  of  1966  I98O  ?000  2020 

Land  Treatment 

Historical  Trend  Land  Use  Projections  


Jbjeci,.  ^ ^ or  no^ 


0 ' C** 


Use  Tr  Use  Tr.  Use  Tr.  Use  Tr. 

The  shoreline  is  characterized  by  sandy  barrier  islemds, 
tidal  marshes,  back  bays,  low  sandy  beaches  and  the  high 
bluffs  at  Sandy  Hook.  About  of  the  U02  miles  of 
shoreline  are  unstable,  with  139  miles  being  lcassifi»»d 
as  critical.  Protective  measures  include  sand  fill, 
bulkheading,  groins,  revetment  and  vegetative  practices. 


Obje'^tive  : Time 
: Frame 
: Year 


Ad^^  iately 

• r*»atei  or 


feasible 

to  trea*  1966  39 

NATIONAL  EFFICIENCY 

I960  12 

2000 
2020 

PEOr  NAL  DE'/^:L0PMENT 

i960  12 

2000 
2020 

ENVIRONMENTAL  QUALITY 
i960  12 

2000 
2020 


Planned 
Land  Use 
Pre-  : Adjust 
served : 


EROSION  CONTROL  DEMANDS  USED  IN  PLAN  FORMULATION 


Land  Treatment  for  Erosion  Control  rStreambank 

Conservation  Land  Treatment Installation :Ero8ion  Control 

: Crop- : Past- : Forest : Other  : Urban: Total : IniMal*  Ave^  Treat  - : Initial : 


Shoreline 
Protection 
Treat- : Initial 
ment  : Cost 


Ac . 

1000 

Ac . 

$ Million 

: Mile  : 

$ Mil 

Rsai 

»131 

«-> 

49 

3 

23 

20 

204 

299 

2440 

179 

3 

u 

_ 

_ 

_ 

8 

12 

1.4 

.2 

2 

.1 

3 

2.5 

- 

It 

- 

- 

- 

■^8 

62 

9.2 

.7 

4 

.1 

7 

5.7 

- 

2 

- 

- 

- 

80 

82 

12.5 

.8 

4 

.1 

7 

5.7 

5 

7 

- 

. 

2 

21 

30 

3.7 

.3 

4 

.1 

7 

5.7 

- 

7 

- 

- 

2 

72 

81 

11.6 

.8 

8 

.3 

lU 

11.5 

" 

2 

- 

- 

- 

100 

102 

15.6 

1.0 

8 

.3 

14 

11.5 

5 

7 

_ 

_ 

2 

21 

30 

3.7 

.3 

8 

.3 

92 

75.3 

- 

7 

- 

- 

2 

72 

81 

11.6 

.8 

16 

.6 

107 

87.6 

“ 

2 

• 

* 

- 

100 

102 

15.6 

1.0 

16 

.6 

20 

22.9 

: Tlje  values  shown  in  the  table  are  Im^remental  . Price  Base  1970. 

• Inl*ial  '“ost  Hin«>rti7.ed  at  5-1/0^  project  life  plus  Operation  A Maintenance. 
Negligible  erosion  or  stable. 
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SUBRKION  E (Areas  17  and  18) 

Land  Erosion 

Existing  Conditions 

Subregion  E contains  soils  that  are  slightly  more  erodlble  than 
the  average,  having  cm  average  soil  factor  of  0.28.  The  topography 
varies  between  the  Areas  In  this  Subregion.  Slopes  in  Area  1?  are 
moderate  to  steep.  Area  18  has  considerably  less  slope  rcmglng  from 
gentle  to  moderate.  Subregion  E has  the  widest  range  of  maximum  2- 
year,  30-inlnute  rainfall  In  the  Region.  The  range  Is  from  0.8  to  1.4 
inches  averaging  about  1.1  inches.  Subregion  E has  the  highest 
percentage  of  cropland  In  the  Region.  Cropland  comprises  26.2  per- 
cent of  the  total  land  area  of  the  Subregion.  The  percentage  of 
urban  land  is  relatively  low,  5-1  percent.  The  remainder  of  the  land 
uses  consist  of  52.2  percent  forest,  8.9  percent  other  land,  and  7.6 
percent  pasture. 

Agricultural  land  use  ranks  second  in  intensity  in  the  Region. 

A conq)osite  crop  rotation  is  two  or  three  years  of  com  (for  grain), 
a year  of  small  grains,  and  then  two  or  three  years  of  hay.  Area 
18  is  cropped  more  intensively  than  Area  I7. 

■ The  average  erosion  rate  from  Subregion  E is  one  of  the  highest 

' in  the  Region  averaging  1,530  tons  per  square  mile  per  year.  Area 

18  has  the  higher  rate  in  the  Subregion  with  1,626  tons  per  square 
mile  per  year. 

Sedimentation  rates  average  115  tons  annually  from  each  square 
mile  of  land  area  in  the  Subregion.  Reservoirs  along  the  lower  main 
stem  of  the  Susquehanna  River  trap  considerable  amounts  of  sediment 
before  entering  the  Chesapeake  Bay. 

Subregion  E,  the  largest  and  most  intensively  tilled,  has  the 
greatest  amount  of  erosion  and  sedimentation  damage  in  the  entire 
Region.  Erosion  damages  are  estimated  to  be  $25,200,000  annually 
and  sediment  damages  are  expected  to  be  about  $9,780,000  annually. 
Approximately  70  percent  of  the  erosion  damage  78  percent  of  the 
sediment  damage  occur  in  Area  17. 
f 

Ihredlcted  Rates 

Land  use  will  change  little  in  this  Subregion.  The  most  sig- 
nificant chaxige  will  be  from  cropland  to  urban.  The  percentage 
of  cropland  will  decrease  steadily  from  26.2  to  12.7  percent  by 
2020.  This  is  still  the  highest  Subregional  percentage  of  cropland 
use  in  the  Region.  Most  of  the  cropland  that  is  changing  use  will 
go  to  urban,  the  remainder  to  forest.  The  relative  stability  of 
the  land  use  patterns  is  seen  in  the  predicted  gross  erosion  rates. 
The  erosion  rates  increase  to  2020  but  at  a relatively  slow  rate. 

The  total  increase  is  30  percent  to  1,909  tons  per  square  mile 
per  year, 

Q-87 


Land  treatment  programs  will  have  the  greatest  effect  in  this 
Subregion.  Average  erosion  rates  decrease  in  I98O  and  again  in 
2CXX).  They  increase  by  2020  but  stiU.  stay  below  present  levels. 

The  large  amount  of  cropland  is  responsible  for  the  drop  in  erosion 
rate.  The  effects  of  accelerated  land  treatment  can  readily' be 
seen  on  large  acreages.  The  slight  increase  in  2020  reflects  the 
Increase  in 'urbanization.'  .An  accelerated  land  treatment  program 
can  reduce  soil  losses  an  average  of  24.3  percent  by  2020.  Soil 
loss  In  Area  I8  can  be  reduced  31  percent. 

By  2020  the  annual  sedimentation  rates  are  ejected  to  be  l44 
and  167  tons  per  square  mile  for  Areas  17  and  I8.  The  average  is 
about  149  tons  annually  per  square  mile. 

'■  ' 

Problem  Areas 

Both  Areas  17  and  I8  are  problem  areas  in  soil  erosion.  The 
rate  of  erosion  from  the  cropland  in  these  Areas  considerably 
exceeds  the  allowable  soil  loss.  Untreated  croplauid  in  Area  I8 
has  an  estimated  erosion  rate  of  5 *57  tons  per  acre  per  year. 

Subregion  E,  which  consists  of  one-third  of  the  cropland  and 
one-fifth  of  the  land  area  of  the  Region,  produces  35  percent  of  the 
total  sediment  volume  from  the  Region.  Area  17  alone  yields 
3,796,CXX)  cubic  yards  of  sediment  annually. 

Streambank  and  Shoreline  Erosion 


Streambank  erosion  is  considered  major  on  1,310  bemk  miles  of 
the  total  30,130  miles  of  stream  channel  in  this  Subregion. 
Ninety-five  percent  of  the  damage  occurs  in  Area  17  where  the 
topography  is  steeper.  Average  annual  damages  are  $114,000  and  are 
attributed  to  land  loss  and  sedimentation. 

Approximately  2,099  miles  of  shore  line  exist  in  Area  I8.  Stable 
conditions  are  found  along  175  miles,  and  of  the  remaining  shoreline, 
207  miles  have  critical  areas  of  shoreline  erosion.  The  barrier 
islands  need  protection  in  order  to  shelter  Irreplaceable  wetland 
areas.  Much  of  the  noncrlticeil  erosion  is  along  the  somewhat  pro- 
tected ChesapcEike  Bay. 
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location  map 


TONS  PER  ACRE  PER  YEAR 

(PRESENT  CONDITIONS) 


FIGURE  Q-n 


Pr^3  Acc^i  Pres  Afccl 


?0?0 


Planned  ; Land  Treatment  for  Erosion  Control  :Streambank 

Land  Use  ; Conservation  Land  Treatment  Inetallatlon;Ero8lon  Control 

Pre-  : Adjust : Crop- : Past- : Forest : Other : Urban :Total  : Ini tial  : Ave^  Treat- : Initial 
served:  :land  :ure  : : : ; : Cost  :Ann.:ment  : Cost 

1000  Ac . ; 1000  Ac.  : iMlUlon  : Mile  ; $ Mil. 


Adequately 
treated  or 
not 

feasible 


to  treat  1966 

NATIONAL  EFFICIENCY 

1172 

378 

2875 

U72 

883 

5780 

19280 

1980  1675 

326 

838 

. 

_ 

64 

902 

53.2 

10.9 

23 

.6 

2000 

6^,4 

. 

. 

_ 

349 

1003 

86.4 

11.5 

56 

1.5 

2020 

65 

_ 

_ 

. 

585 

650 

91.2 

6.5 

56 

1.5 

REGIONAL  DEVELOPMENT 

1980  167^ 

089 

1098 

339 

7 

161 

1659 

135.7 

29.9 

56 

1.5 

2000 

. 

8^7 

2^7 

l4 

^5 

436 

1619 

152.3 

26.3 

113 

3.0 

2020 

_ 

65 

48 

8 

62 

731 

91 4 

122.9 

10.5 

113 

3.0 

ENVIHCjNMDITAL  quality 

1980  1675 

989 

1098 

339 

8 

•A 

161 

1660 

135.7 

29.9 

113 

3.0 

2000 

8t,7 

?‘)7 

16 

55 

436 

1621 

152.5 

26.3 

230 

6.1 

2020 

- 

6^ 

48 

5 

62 

73i 

911 

122.7 

10.4 

230 

6.1 

NOTT : The  values  shown  In  the  table  are  Incremental.  Price  Base  1970, 

• Initial  coat  arwrtlzed  at  5-I/Wp  project  life  plus  Operation  4 Maintenance. 
IfegllfT.lble  erosion  or  stable. 


Objective 


Time 

Frame 


KROSIOW  CONTROL  DPlANiy  UGED  IN  PLAN  FORMUUTION 


SUBKH;I0N  y - AHKA  17 


I<eo«*nd 


r.ediwnt  Volunve  by  Source 


Kroslon  is  the  dominant  soil  hazard 
on  of  the  Area's  17.^  million  acres. 
An  estimated  of  the  sediment  enmos 
from  these  8.9  million  a^res.  The 

row  crops  of  the  *4.0  million  acres 
of  cropland,  28,000  acres  of  construction 
area:;,  and  80,^00  acres  of  crltl'*al 
erosion  ar»*as  are  particularly 
vulnerable  to  erosion. 

I*nd  use  adjustments  are  needed  on 
989,000  acres  (rates  exceeding  twice 
the  allowable  soil  loss).  Present 
pn^tectlve  eover  ne#-ds  to  be  main- 
tained on  1.7  million  acres  to  prevent 
excessive  erosion.  Another  2.9  million 
acres  need  adequate  treatment  for 
erosion  control. 

Conservation  trea‘ment  Includes: 
diversions,  stripcropping, 
cover  cropping,  roadside  ^ 1 

stabilization,  establ islment  « 

and  re-establ Islanent  of  grass,  ^ 

trees,  and  shrubs,  settling  ® l.v 

and  debris  ba::lns,  grade  con-  ^ 

trol  structures,  and  wildlife 
‘iabitat  and  development  and  ^ 8. 

preser'.'atlon.  3 


n M-’iJor  HfinX  Kror.itin 

Moderate  BtuiK  Eroc.lon 


Urban 

Other 

E a-' 

Forest 

ah 

Pasture 

B 

4> 

Cropland 

Treated 

Prea  Accel 

Level  of  POO^; 

T.and  Treatment 

Hist  rlcal  Trend  Land  Use  Projections 


14,830  Mi  les  • 


Major  bank  erosion  exists  on  1,130  miles  of  the  2U.8  thousand 
miles  of  stream:,  and  rivers  In  the  Area.  An  estimated  63,000 
acres  of  buffer  strips  wc^uld  prevent  bank  overfall  and  filter 
sediment,  Streambank  erosion  control  Includes  cl»-arlng  and 
snagging,  riprap,  ciiannel  lining,  dix^p  splllwav^:  and  vegetated 
banks. 
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SUBFBllON  E - AREA  l8 


r:pdlra#»nt,  Vol'im«*  by  Source 


Froslon  Is  the  'iominant  and  l»azai*‘i  on 
of  the  Area*s  4,6  million  acres. 

An  estimated  (>8^  of  the  sediment 
comes  from  these  1.5  million  acres. 

Tlie  50^  i*ow  crops  of  the  1.8  million 
acres  of  cropland,  46,000  a^res  of 
construction  ar^as,  and  11,700  acres  of 
critical  erosion  areas  are  par- 
'icularly  vulnerable  to  erosion. 


Urban 


Forest 


Ijand  use  adjustments  are  needed  on 
99>000  acres  (rtites  exceeding?  twice 
the  allowable  soil  loss).  Present 
protective  cover  needs  to  be  main- 
tained on  192,00c  acres  to  prevent 
excessive  erosion.  Another  773>000 
acres  need  adequate  treatment  for 
erosion  control. 


Cropland 


Pres  Pres  Accel  Pres  Accel  Pres  Acce 
Level  of  iggg  jggp  PqOq 

Land  Treatment 

Historical  Tr«»nd  Land  Use  Projections  


Conservation  treatment  includes 
diversions,  stripcropping, 
cover  cropping,  roadside 
stabilization,  establishment 
and  re-establlshm<’'nt  of  grass, 
trees,  and  shrubs,  settling 
and  debris  bai^ln::,  grade  con- 
trol structures,  and  wildlife 
habitat  and  developm»*nt  and 
preser'/atlon. 


Major  bank  erosion  exists  on 
i 8^  mll»’S  of  the  5.3  thousand 
miles  of  streams  end  rivers  in 
the  Area.  An  estimated  11,600 
acres  of  buffer  strips  would 
prevent  bank  overfall  and  filter 
sediment.  Ctreombank  erosion 
control  Ineiudea  cl<.*arlng  and 
snagging,  riprap,  char.nel  lin- 
ing, drop  spillways  and  vegetated 
banks . 


The  2099  miles  of  shoreline  include  the  frontage  of  Hiesapeake 
Bav  and  the  Atlantic  Coast  from  ^‘ape  Henlopen  to  Cape  ci.arles. 
Brafkish  marshes  enfompass  much  of  th**  bay.  'rhe  ocean  sliore- 
llne  is  protected  in  many  areas  by  barrier  aiid  interitr  is]ai*d: 
Protective  measures  such  as  sand  fill  are  nerdf^d  on  10^  of  the 
area  which  is  critically  unstable. 


EBOSIOW  CONTROL  DPiANDS  USED  IN  PLAN  FORMUUTION 

: Land  Treatment  for  Erosion  Control : S t re  amb  ank  : She  re  1 1 ne 

: Conservation  Land  Treatment Installation : Erosion  Control ; Protect  ion 

Adjust ; Crop-  :Past-:  Forest -.Other -.Urban -.Total : Initial  •.Ave*t  Treat-  initial : Treat-  : Initial 
:land  ;ure  : : : : : Cost  :Ann.:ment  : Cost  : ment  : Cost 

Ac.  ; 1000  Ac. ; Million  ; Mile  : $ Mil.;  Mile  ; $ Mil. 


Planned 


Objective  : Time  :Pre- 

: Frame  : served 


Million  ; Mile 


Adequately 


treated  or 
net 

feasible 

to  treat  I966  62 

NATIONAL  EFFICIENCY 

1980  192 

2000 
2020 

REGIONAL  DEVELOPMENT 

1980  192 

2000 
2020 

ENVIRONMENTAL  QUALITY 

1980  192 

2000 
2020 


The  values  shown  in  the  table  are  incremental.  Price  Base  197^. 

Initial  cost  amortized  at  5-l/W-  project  life  plus  Operation  A Maintenance 
Negligible  erosion  or  stable. 
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SUBREGION  F (Areas  I9,  20,  and  2l) 
Land  Erosion 


Existing  Conditions 

The  soils  in  Subregion  F are  generally  the  most  erodible  in  the 
Region.  The  average  soil  factor  is  0.33.  The  topography  is  gentle 
to  steep.  The  maximum  2-year,  30“®inute  rainfall  is  the  highest  in 
the  Region,  averaging  about  1.3  Inches.  The  land  use  characteris- 
tics are  similar  to  Subregion  E.  There  is  a relatively  high 
percentage  of  cropland,  15.4  percent;  and  low  percentage  of  urban 
land,  4.3  percent.  Forest  land  con5>rises  the  major  portion  of  land 
use  with  64.4  percent  of  the  total  land  area. 

Agriculture  is  not  as  intensive  as  in  Subregions  D and  E.  A 
composite  rotation  is  two  years  of  corn  (for  grain),  a year  of 
small  grain,  and  three  or  four  years  of  hay. 

The  annual  erosion  rate  is  1,479  tons  per  square  mile,  second 
only  to  Subregion  E.  The  rates  vary  among  Areas  from  1,152  tons 
per  square  mile  in  Area  20  to  1,574  tons  per  square  mile  in  Area  I9. 

Sedimentation  rates  range  from  an  average  of  86  tons  per  square 
mile  per  year  in  Area  20  to  II8  tons  per  square  mile  per  year  in 
Area  I9.  The  average  annual  sedimentation  rate  for  the  Subregion 
is  111  tons  per  square  mile. 

Erosion  damages  are  approximately  $l6, 400,000  annually,  about 
half  of  which  occur  in  Area  19.  Sedimentation  damages  are  esti- 
mated at  $8,400,000  annually.  About  50  percent  of  these  damages 
also  occur  in  Area  I9. 

Predicted  Rates 

Subregion  F is  expected  to  behave  very  much  the  same  as  Sub- 
region  E in  regard  to  l€Uid  use  changes.  Conditions  will  remain 
more  stable  with  the  only  significant  change  being  from  cropland 
to  urban.  Cropland  will  decrease  to  8.0  percent  of  the  total  land 
area  by  2020,  and  urban  land  will  Increase  to  11.4  percent.  The 
increase  in  the  erosion  rate  for  Subregion  F will  be  about  37  per- 
cent or  2,028  tons  per  square  mile  per  year  by  2020.  The  high  will 
be  Area  I9  with  a rate  of  2,246  tons  per  square  mile. 

Accelerated  land  treatment  will  be  very  effective  in  Area  I9. 
Erosion  can  be  reduced  as  much  as  36.7  percent  with  an  increased 
land  treatment  program.  Areas  20  and  21  will  not  be  affected  much 
by  land  treatment.  This  is  due  to  low  percentages  of  cropland  and 
urban  lands  and  small  relative  changes  in  the  amount  of  urban  land. 

In  Areas  I9  and  20  the  erosion  rates  decrease  in  I98O  and  again 
in  2000  just  as  occurred  in  Subregion  E.  Area  21  Increases  to  I98O 
and  then  drops  slightly  by  2000.  All  three  Areas  increase  again 


Q-93 


PFECEDIIO  PAQl  BLANK-NOT  FIIMKD 


by  2020.  The  reasons  for  this  are  similar  to  those  in  the  discus- 
sion of  the  previous  Subregion.  There  is  a relatively  large 
percenteige  of  cropland  which  tends  to  en5)hasize  the  effect  of  land 
treatment  and  the  increase  in  urbanization  does  not  become  signifi- 
cant until  2020. 

The  annual  sedimentation  rate  for  Subregion  F is  expected  to 
increase  to  152  tons  per  square  mile  by  2020.  Area  19  has  the 
highest  rate  in  the  Subregion  with  168  tons  per  square  mile  per 
year.  Area  20  is  low  with  an  annual  rate  of  95  tons  per  square 
mile . 

Problem  Areas 


These  Areas  are  all  problem  areas  in  soil  erosion.  The  cropland 
in  Area  19  has  em  erosion  rate  of  5*87  tons  per  acre  per  year; 

Area  20,  6.28  tons  per  acre  per  year;  and  Area  21,  8.9I  tons  per 
acre  per  year.  These  areas  all  exceed  the  allowable  soil  loss. 

Thirty  percent  of  the  sediment  from  the  entire  Region  comes 
from  Subregion  F.  Area  I9  produces  50  percent  of  the  4,202,000 
cubic  yards  of  sediment  in  the  Subregion.  Area  21  produces 
1,474,000  cubic  yards  or  35  percent.  The  remaining  I5  percent 
comes  from  Area  20. 

Streambank  amd  Shoreline  Erosion 


In  this  subregion  there  are  about  25,280  miles  of  stream 
channel.  Of  this  amount  1,900  bank  miles  are  considered  to  be  of 
major  consequence  and  result  in  $254,000  of  annual  damage. 

Shoreline  in  this  subregion  totals  about  875  miles,  460  miles 
of  which  are  considered  stable.  A substantial  part  of  the  stable 
mileage  is  in  tidal  flatland  which  is  somewhat  protected  from 
erosive  forces  of  the  ocean.  The  shoreline  remaining  is  not 
stable  and  there  are  78  miles  of  critical  erosion  occurring  in 
this  Area. 


SUBRajION  F - AREA  19 


Ijf 


Kroslon  is  the*  'lomi)-iant  soil  ha7.ar<J 
on  6lt  of  t,he  Area's  9»3  million  a'-res. 
An  estimated  91'^  of  the  sediment 
fomes  from  these  5,7  million  acres. 

The  35“^’  rov  crops  of  the  1.8  million 
acr»»s  of  cropland,  a<-res  of 

construction  areas,  and  36,200  acres 
of  critical  erosion  areas  are  par- 
ticularly vulnerable  to  erosion. 

land  use  adjustments  are  needed 
on  3**1,000  acres  (rates  exceeding 
twice  the  allowable  soil  loss). 

Present  protective  cover  needs 
to  be  maintained  on  2.0  million 
arr*'S  to  prevent  excessive  erosion. 
Another  1.5  million  acres  need 
adequate  treatment  for  erosion  control. 


Conservation  treatment  Includes: 
diversions,  stripcroppln^, 
cover  cropping,  roadside 
s’  abllizatlon,  establlshunent 
and  re^establlsliment  of  grass, 
and  debris  basins,  grade  con- 
trol structures,  and  wildlife 
habitat  and  development  and 
preservation. 

Major  bank  erosion  exists  on 
950  miles  of  the  11.7  thousand 
miles  of  streams  and  rivers  in 
the  Area.  An  estimated  28,500 
acres  of  bxiffer  strips  would 
prevent  bank  overfall  and  filter 
sediment.  Streombank  erosion 
control  Includes  clearing  and 
snagging,  riprap,  channel  lining, 
drop  spillways  and  vegetated  banks. 


Urban 


2.’ 


her  ] g T 


^orest 


1 . 


aTTrn  ^ 

Pastiire  ^ l.<j( 


Cropland 


■ e 

E3 1 


Treated 


Cedlment  Voliime  by  Source 


t 


Pres  Pres  Accel  Pt' 
Level  of  I96C 

Land  Treatment 


; n 


n 


?s  Accel  T res  Accel 


2000 


?020 


Historical  Trend  Land  Use  Projections 


Use 


Tr  Use  Tr. 


Use  Tr . 


Use  Tr. 


This  area  is  characterized  by  extensive  marshland  whii'h  is 
inaccessible  or  developed  to  a Jlmlted  extent.  Although  ‘'5^- 
of  the  shoreline  is  unstable,  only  or  10  miles  are  class- 
ified as  being  critically  unstable.  Hand  fill  and  sand 
fences  are  needed  for  protection  in  local  areas.  The  shore- 
line will  continue  to  develop  residcntially , 


EROSION  CONTROL  DEMANDS  USED  IN  PLAN  FORMULATION 


Time 

Frame 

Year 

Planned 
Land  Use 

Land  Treatment  for  Erosion  Control  :Streamb£ink  :Shoreline 

Conservation  Land  Treatment  Installation :Erosion  Control rProtection 

Pre-  rAdJust 
served : 

1000  Ac. 

Crop- : Past- : Forest : Other : Urban : Total 
land  cure  : : : 

1000  Ac. 

:Initiol :Ave?  Treat- : Initial ; Treat- : Initial 
; Cost  :Ann.:ment  : Cost  : ment  : Cost 
; $ MllUon  : Mile  : $ Mil.:  Mile  : $ MU. 

Adequately 
treated  or 


not 


feasible 
to  treat 
NATIONAL 

1966  IlUO 
EFFICIENCY 

I960  198f) 

138 

513 

396 

379 

1636 

168 

373 

110 

3069 

506 

37.5 

7.4 

IH, 

10030 

19 

.7 

128 
< 1 

« 

2000 

310 

- 

- 

- 

193 

503 

45.8 

6.8 

48 

1.9 

< 1 

- 

2020 

. 

80 

- 

- 

- 

310 

390 

51.9 

4.3 

48 

1.9 

<1 

- 

REorONAL 

DEVELOPMENT 

1980  1986 

3»+l 

521 

278 

8 

61 

275 

1143 

116.7 

23.6 

48 

1.9 

<1 

_ 

2000 

4o8 

214 

14 

206 

24l 

1083 

107,7 

20.7 

95 

3.7 

1 

.4 

2020 

- 

80 

41 

15 

132 

386 

656 

81.9 

8.6 

95 

3.7 

1 

.4 

ENVIRONMEWTAL  QUALITY 

1980  1986 

341 

521 

278 

10 

61 

275 

1145 

116.9 

23.6 

95 

3.7 

2l* 

10.5 

2000 

408 

214 

16 

206 

241 

1085 

107.9 

20.7 

190 

7.4 

25 

11.0 

2020 

_ 

80 

4l 

11 

132 

388 

652 

81.4 

8.5 

190 

7.4 

2 

.9 

M^TF:  The  values  shown  in  the  table  are  incremental.  Price  Base  1970. 

* Initial  cost  amortized  at  5-1/9^-  project  life  plus  Operation  ft  Maintenance. 
**  Negligible  erosion  or  stable. 


SUHBH'.ION  F . AHKA  20 


Frosion  Is  thf  dominant  soil  )jaznrd 
on  ‘'9^  of  the  Area's  3.7  million 
aores.  An  estimated  Q'/i  of  the 
sediment  <'omes  from  these  2.2 
million  acres.  Tlie  35"^  row  crops 
of  the  582,000  acres  of  cropland, 
1,000  acres  of  -’onstniction  area;-., 
and  7,000  acres  of  critical  erosion 
areas  are  particularly  vulnerable 
to  erosion. 

lAnd  use  adjustments  are  needed 
on  76,000  acres  (rates  exceeding 
twice  the  allowable  soil  loss). 
Present  protective  cover  needs 
to  be  maintained  on  6l6,000 
acres  to  prevent  excessive 
erosion.  Another  1*52,000  acres 
need  adequate  treatment  for 
erosion  control. 

Conser’vatlon  treatment  includes: 
diversion,  stripcropping,  cover 
cropping,  roadside  stabilization, 
establisiunent  and  re-establlsh- 
m» nt  of  grass,  trees,  and  shrubs, 
settling  and  debris  basins,  grade 
control  structures,  and  wildlife 
habitat  and  development  and 
preser'.-atlon. 

flajor  bank  erosion  exists  on  360 
miles  of  the  U.8  thousand  miles 
of  streams  and  rivers  In  the  Area. 
An  estimated  11,300  acres  of 
buffer  strips  would  prevent  bank 
overfall  and  filter  sediment. 
Streambank  erosion  control  in- 
cludes clearing  and  sneigglng, 
riprap,  cliannel  lining,  drop 
spillways  and  vegatated  banks. 


198c 


2000 


Level  of 
Land  Treatment 

Historical  Trend  Land  Use  Projections 


2020 


NT 

C 

: q 

c ^ 

kO 


K 


C 


Tr  U£  Tr.  Use  Tr . Use  Tr. 


Tlie  shoreline  is  generally  undeveloped  with  ir*accessible  tidal 
flats  and  marshlands.  Thcr<-  ar^  few  natural  b*-ac)jes.  The  man- 
made beaches  are  generally  small.  Nearly  7‘if.  of  the  3^*2  miles 
of  shoreline  are  considered  stable.  Protective  m»*asure:;  ar»* 
needed  on  32  miles  of  critically  unstable  shore.  Tliese  areas 
need  sand  fill,  bulkheading  and  sand  fen'-es. 


EROSION  CONTROL  DEMANDS  USED  IN  PLAN  FORMULATION 


Planned 

Land 

Treatment 

for 

Erosion  Control 

:St reambank 

Shoreline 

Land 

Use 

Conservation  Land 

Treatment 

Installation :Erosion 

Control 

Protect  ion 

Objective  : Time 

Pre- 

Adjust 

Crop- 

Past- 

:Forest :0ther 

Urban : 

Total 

Initial 

Ave^  Treat-: 

Initial : 

Treat- 

:  Initial 

: Frame 

served 

land 

ure 

Cost 

Ann . :ment  : 

Cost  : 

ment 

: Cost 

; Year 

1000 

Ac . 

iOOO  Ac. 

$ MlJUon  : Mile  : 

i Mil.; 

Mile 

mmax 

Adequately 

• reated  or 

not  % 

feasible 

»« 

«-» 

to  treat  I96C 

90 

105 

12U 

903 

U6 

116 

1294 

4360 

254 

NATIONAL  EFFICIETiCY 

1980 

616 

91 

- 

- 

3 

94 

5.2 

1.4  7 

.2 

1 

.6 

2000 

68 

_ 

_ 

39 

107 

9.5 

1.5  18 

.6 

2 

1.2 

2020 

16 

_ 

_ 

_ 

60 

76 

10.0 

.9  18 

,6 

2 

1.2 

REGIONAL  DE’/ELOPMENT 

1980 

616 

76 

117 

76 

4 

7U 

7 

278 

24.6 

b.l  18 

.6 

2 

1.2 

2000 

87 

51* 

8 

75 

49 

273 

26.7 

5.2  36 

1.2 

3 

1.8 

2020 

_ 

_ 

16 

lU 

6 

- 

75 

111 

15.2 

1.7  36 

1.2 

3 

1.8 

ENVIRONMENTAL  QUALITY 

1980 

616 

76 

117 

76 

5 

74 

7 

24.8 

6.2  36 

1.2 

83 

31.6 

2000 

87 

5** 

9 

75 

49 

274 

26.8 

5.2  72 

2.5 

h4 

32.2 

2020 

_ 

_ 

16 

lU 

4 

- 

75 

109 

14.9 

1.6  72 

2.5 

6 

3.6 

NOTF : The  vaiu»-s  showri  in  the  table  are  Incremental.  Price  Base  1970. 

• Initial  cost  amortized  at  project  life  plus  Operation  % Maintenance. 

Negligible  erosion  or  stable. 


SUB8HU0N  F 


ARW  ?1 


I roslon  Is  the  harard  on 

‘ of  the  Area's  million  a^r»*a. 

An  estimated  0'r^  of  the  ned1m»*n’ 
comes  rrm  thesp  3,9  million  aeres. 

Th»  'Ot  rov  erops  of  the  636>000  acres 
of  ore>pland,  2,000  acres  of  consti*uet- 
lon  areas,  and  U,700  acres  of  critical 
erosion  ar«as  are  particularly  vulner- 
able to  erosion. 

land  use  ad.lustments  are  needed  on 
90,000  acres  (rates  exceeding': 
twice  the  allowable  soli  loss.) 

Present  protective  cover  needs 
to  be  maintained  on  1.0  million 
acres  to  prevent  excessive  erosion. 
Another  ^95,000  acres  need  adeqiiate 
treatment  for  erosion  control. 

Con:ervatlon  treatment  includes: 
diversions,  stripcropping, 
cover  cropping,  roadside 
8tablll7,atl'>n,  establishment  and 
r*--er>tabl  1 :donen»  of  grass,  trees,  4 
and  shrubs,  settling  and  debris  o 

larlnr,  grade  contro'  structures,  ^ 

and  wildlife  ^labltat  and  develop-  o 

ment  and  preser*/a' ion.  ^ 

Q 

yajor  bank  ♦ roslon  exists  on  '90 
miles  of  the  8.0  thousand  miles  ^ 

of  streams  and  rivers  in  the  Area. 

An  estimated  20,000  acres  of  buffer  -o 
strips  would  prevent  bank  overfall  ^ 

and  filter  sediment.  Streombank 
erosion  control  includes  clearing 
and  snagging,,  riprap,  channel 
lining,  drop  spillways  and  veg- 
etated banks. 


liCgend 


Urban 


Other 


Forest 


Pasture 


E 


i-M 


B 


Croplan 


Treated 


"ediiwnt  Vol'ime  by  Source 


a 


4 


r 


Level  of 


1966 


Pres  Accel  Frc*s  Accel  Pres  Ac''*l 

1980  ?000  ?0?0 


Land  Treatment 

Historical  Trend  Land  Use  Projections 


6.-n 


[fi 


m 


K 
C <u 
C 

V! 


:'c 

''c 


Use 


Tr  Use  Tr.  Use  Tr.  Use  Tr. 


The  diversified  shoreline  includes  shifting  sandy  areas,  narrow 
beaches,  rrmrahland,  and  residenMol  and  coimerclal  areas  devel- 
oped to  the  waters  edge,  ualf  of  the  shoreline  is  classified 
as  stable.  Protection  is  ne*'dcd  on  3^'  miles  of  critic-ally  un- 
stable shoreline.  Protective  measures  include  timber  grolnr, 
vegetative  practives,  sand  fill,  and  bulK:.eadlng. 


EROSION  CONTROL  DQlAJfDS  USED  IN  PLAN  FORMULATION 


Ob.Jective  : Time 
: Frame 
: Year 

Planned 
Land  Use 

Land  Treatment  for  Erosion  Control  :Streambank  :.'t.  rellne 

Conservation  Land  Treatment  Installation :Erosion  Control :Protect ion 

Pre-  : Adjust 
served 
1000  Ac. 

Crop- : Past- : Forest : Other : Urban : Total : Initial :Ave^  Treat- : Initial : Treat- : Initial 
land  :ure  : : : : Cost  :Ann.:ment  Cost  : ment  : Coat 

1000  Ac.  ; .1  Million  : Mile  : 1 Mil.:  Mile  : $ Mil. 

Adequately 

treated  or 
not 


feasible 
to  treat 
NATIONAL 

1966  113 

EFFICIENCY 

i960  973 

31 

118 

152 

186 

1333 

86 

3U6 

5 

2066 

157 

8.7 

2.4 

» « 

7810 

12 

.4 

K« 

78 

1 

1.6 

2000 

- 

108 

- 

- 

- 

111 

219 

22.7 

2.8 

30 

1.0 

2 

3.2 

2020 

- 

22 

- 

- 

- 

175 

197 

28.2 

2.0 

30 

1.0 

2 

3.2 

REGIONAL 

DEVELOPMENT 

1980  973 

98 

192 

IU7 

8 

13 

3f>0 

3U.9 

9.5 

30 

1.0 

2 

3.2 

2000 

- 

137 

102 

111 

U5 

139 

Ii87 

48.8 

8.7 

59 

1.9 

4 

6.3 

2020 

- 

22 

20 

12 

106 

219 

379 

47.2 

4.6 

->9 

1.9 

4 

6.3 

ENVIRONMENTAL  QUALITY 

I960  973 

98 

192 

IU7 

10 

13 

362 

35.1 

9.5 

59 

1.9 

27 

42.8 

2000 

- 

137 

102 

16 

li8 

139 

439 

49.0 

8.7 

118 

3.8 

28 

44.4 

2020 

- 

22 

20 

8 

106 

219 

375 

40. 8 

4.6 

118 

3.8 

7 

11.1 

NTMT':  The  values  shown  in  the  table  are  incremental.  Price  Base  197^^» 

• Initial  cost  ^unortlzed  at  5-3/0^  project  life  plus  Operation  A Maintenance. 
••  Negligible  erosion  or  stable. 
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